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MPR-SAT-Fi-72-1 
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-511 
APOLLO 16 MISSION 
BY 


Saturn Flight Evaluation Working Group 
George C. Marshall Space Flight Center 


ABSTRACT 


Saturn V AS-511 (Apollo 16 Mission) was launched at 12:54:00 Eastern 
Standard Time (EST) on April 16, 1972, from Kennedy Space Center, 
Complex 39, Pad A. The vehicle lifted off on a launch azimuth of 

90 degrees east of north and rolled to a flight azimuth of 72.034 
Gegrees east of north. The launch vehicle successfully placed the 
manned spacecraft in the planned translunar coast mode. The S-IVB/ 
IU impacted the lunar surface within the planned target area. 


This was the second Apollo Mission to employ the Lunar Roving Vehicle 
(LRV) during Extravehicular Activity (EVA). The performance of the 
LRV was satisfactory and as on Apollo 15 Mission resulted in a signi- 
ficant increase in lunar exploration capability. The total distance 
traveled on the lunar surface with the LRV on this Mission was 27 
kilometers (17 miles). 


All launch vehicle Mandatory and Desirable Objectives were accomplished 
except the precise determination of the lunar impact point and time. 

No failures or anomalies occurred that seriously affected the 

mission. 


Any questions or comments pertaining to the information contained in 
this report are invited and should be directed to: 


Director, George C. Marshall Space Flight Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation Working 
Group, S&E-CSE-LA (Phone 205-453-2462) 
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MISSION PLAN 


The AS-511 fliaht (Apollo 16 mission) is the eleventh flight in the Apollo/ 
Saturn Y flight program, the sixth mission planned -for lunar landing, and 
the fourth mission planned for landing in the lunar highlands. The primary 
mission objectives are: a) perform selenological inspection, survey, and 
sampling of materials and surface features in a preselected area of the 
Descartes region; b) deploy and activate the Apollo Lunar Surface Experi- 
ments Package (ALSEP); and c) conduct inflight experiments and photographic 
tests from lunar orbit. The crew consists of J. W. Young (Mission 
Commander), T. K. Mattingly, II (Command Module Pilot), and C. M. Duke, Jr. 
(Lunar Module Pilot). 


The AS-511 Launch Vehicle (LV) is composed of the S-IC-11, S-II-11, 
S-IVB-511, and Instrument Unit (IU)-511 stages. The Spacecraft (SC) con- 
sists of SC/Lunar Module Adapter (SLA)-20, Command Module (CM)-113, 
Service Module (SM)-113, and Lunar Module (LM)-11. The LM has been modi- 
fied for this flight and will include the Lunar Roving Vehicle (LRV)-2. 


Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along a 

90 degree azimuth with a roll to a flight azimuth of approximately 72 
degrees measured east of true north. Vehicle mass at ignition is 6,538,395 
Tbm. 


The S-IC stage powered flight is approximately 162 seconds; the S-II stage 
provides powered flight for approximately 395 seconds. The S-IVB stage 
first burn of approximately 142 seconds inserts the S-IVB/IU/SLA/LM/ 
Command and Service Module (CSM) into a circular 90 n mi. altituae 
(referenced to tne earth equatorial radius) Earth Parking Orbit (EP0). 
Vehicle mass at orbit insertion is 308,916 Ibm. 


At approximately 10 seconds after EPO insertion, the vehicle is aliaqned 
with the local horizontal. Continuous hydrogen venting is initiated 
shortly after EPO insertion and the LV and Spacecraft sc) systems are 
checked in preparation for the Translunar Injection (TLI) burn. During 
the second revolution in EPO, the S-IVB stage is restarted and burns for 
approximately 344 seconds. This burn inserts the S-IVB/IU/SLA-CSM into 
an earth-return, transiunar trajectory. 


Within 15 minutes after TLI, the vehicle initiates a maneuver to an iner- 


tial attitude hold for CSM separation, docking, and CSM/LM ejection. 
Following the attitude freeze, the CSM separates from the LV and the 
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SLA panels are jettisoned. The CSM then transposes and docks to the LM. 
After docking, the CSM/LM is spring ejected from the S-IVB/IU. Follow- 
ing separacion of the combined CSM/LM from the S-IVB/IU, the S-IVB/IU 
performs a yaw maneuver and then an 80-second burn of the S-IVB Auxiliary 
Propulsion System (APS) ullage engines as an evasive maneuver to decrease 
the probability of S-IVB/IU recontact with the spacecraft. Subsequent to 
the completion of the S-IVB/IU evasive maneuver, the S-IVB/IU is placed 

on a trajectory such that it will impact the lunar surface in the vicinity 
of the Apollo 12 landing site. The actual Junar impact target is at 2.3°S 
latitude and 31.7°W longitude. The impact trajectory is achieved by pro- 
pulsive venting of hydrogen (H2), dumping of residual liquid oxygen (LOX), 
and by firing the APS uliage engines. The S-IVB/IU impact will be recorded 
by the seismographs deployed during the Apollo Jc, 14, and 15 missions. 
S-IVB/IU lunar impact is predicted at approximately 74 hours 30 minutes 

8 seconds after launch. 


Several inflight experiments will be flown on Apollo 16. Several experi- 
ments are to be conducted by use of the Scientific Instrument Module (SIM) 
located in Sector I of the SM. A subsatellite is launched from the SIM 
into lunar orbit and several] experiments are performed by it. The in- 
flight experiments are conducted during earth orbit, translunar coast, 
Tunar orbit, and transearth coast mission phases. 


During the 71-hour 50-minute translunar coast, the astronauts will perform 
star-earth landmark sightings, Inertia] Measurement Unit (IMU) alignments, 
general junar navigation procedures, and possibiy four midcourse correc- 
tions. At approximately 74 hours and 28 minutes, a Service Propulsion 
System (SPS), Lunar Orbit Insertion (LOI) burn of approximately 375 

seconds is initiated to insert the CSM/LM into a 58 by 170 nmi. altitude 
parking orbit. Approximately two revolutions after LOI, a 24.1-second 
burn will adjust the orbit into an il by 59 n mi. altitude. The LM i 
entered by astronauts Young and Duke, and checkout is accomplished. 

During the twelfth revolution in orbit, at 96.2 hours, the LM separates 
from the CSM and prepares for the lunar descent. The CSM is then inserted 
into an approximately 52 by 68 n mi. altitude orbit using a 5.9-second SPS burn. 
The LM descent propulsion system is used to brake the LM into the proper 
landing trajectory and maneuver the LM during descent to the lunar surface. 


Following lunar landing, three EVA time periods of 7 hours each are sche- 
duled during which the astronauts will explore the lunar surface in the 
LRV, examine the LM exterior, photograph the lunar surface, and deploy 
scientific instruments. Sorties in the LRV will be limited in radius 
such that the life support system capability will not be exceeded if LRV 
failure necessitates the astronauts walking back to the LM. Total stay 
time on the Iunar surface is open-ended, with a pianned maximum of 73.3 
hours depending upo.. the outcome of current lunar surface operations 
planning and of real-time operational decisions. After the EVA, the 
astronauts prepare the LM ascent propulsion system for lunar ascent. 


xix 


The CSM performs a plane change approximately 20 hours before rendezvous. 
At approximately 171.9 hours, the ascent stage inserts the LM into a 9 

by 45 n mi. altitude lunar orbit. At approximately 173.7 hours the rendez- 
vous and docking with the CSM are accomplished. 


Following docking, equipment transfer, and decontamination procedures, 

the LM ascent stage is jettisoned and targeted to impact the lunar sur- 

face at a point near the Apollc 16 landing site, but far enough away so 

as not to endanger the scientific packages. During the third revolution 
before transearth injection, the CSM will perform an SPS maneuver to 

achieve a 55 by 85 n mi. altitude orbit. Shortly thereafter the subsatel lite 
will be launched into the same orbit. Transearth Injection (TEI) is accom- 
plished at the end of revolution 76 at approximately 222 hours and 23 

minutes with a 150-second SPS burn. 


During the 67-hour 59-minute transearth coast, the astronauts will per- 
form navigation procedures, star-earth-moon sightings, the electro- 
phoretic separation demonstration, and as many as three midcourse 
corrections. The SM will separate from the CM 15 minutes before re-entry. 
Splashdown will occur in the Pacific Ocean 290 hours and 36 minutes after 
liftoff. 


After the recovery operations, a biological quarantine is not imposed on 
the crew and CM. However, biological isolation garments will be available 
for use in the event of unexplained crew illness. 


FLIGHT SUMMARY 


The ninth manned Saturn Apolio space vehicle, AS-511 (Apollo 16 Mission) 
was launched at 12:54:00 Eastern Standard Time (EST) on April 16, 1972, 
from Kennedy Space Center, Complex 39, Pad A. The performance of the 
launch vehicle and Lunar Roving Vehicle was satisfactory and all Manda- 
tory and Desirable Objectives were accomplished except the precise deter- 
mination of the lunar impact point and time. 


The ground systems supporting the AS-511/Apollo 16 countdiwn and launch 
performed satisfactorily with no unscheduled holds. Propellant tanking 
was accomplished satisfactorily. Damage to the pad, Launch Umbilical 
Tower (LUT) and support equipment was considered minimal. 


The vehicle was launched on an azimuth 90 degrees east of north. A rol} 
maneuver was initiated at 12.7 seconds that placed the vehicle on a flight 
azimuth of 72.034 degrees east of north. The trajectory parameters from 
launch to Command and Service Module (CSM) separation were close to 
nominal. Earth parking orbit insertion conditions were achieved 0.72 
second later than nominal with altitude nominal and velocity 0.2 meter 
per second greater than nominal. Translunar Injection (TLI) conditions 
were achieved 1.78 seconds earlier than nominal with altitude 2.0 kilo- 
meters less than nominal and velocity 1.9 meters per second greater than 
nominal. The trajectory parameters at Command and Service Module (CSM) 
separation deviated somewhat from nominal since the event occurred 38.6 
seconds later than predicted. 


All S-IC prepuision systems performed satisfactorily. In all cases, the 
propulsion performance was very close to the predicted nominal. Over- 

all stage site thrust was 0.05 percent higher than predicted. Total 
propellant consumption rate was 0.36 percent lower than predicted and 

the total consumed mixture ratio 0.40 percent higher than predicted. 
Specific impulse was 0.41 percent higher than predicted. Total propellant 
consumption from Holddown Arm (HDA) release to Outboard Engines Cutoff 
(OECO) was low by 0.51 percent. Center Engine Cutoff (CECO) was initiated 
by the Instrument Unit (IU) at 137.85 seconds range time, 0.11 second 
earlier than planned. Outboard Engine Cutoff (OECO) was initiated by 

the LOX low level sensors at 161.78 seconds, 0.31 seconds earlier than 
predicted. This is well within the +4.60, -3.60 second 3-sigma limits. 

At OECO, the LOX residual was 34,028 Ibm compared to the predicted 

36,283 Ibm and the fuel residual was 31,60] ibm compared to the pre- 
dicted 28,248 lbm. 
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The S-II propulsion system performed satisfactorily throughout the flight. 
The S-IIf Engine Start Command (ESC), as sensed at the engines, occurred 
at 164.20 seconds. Center Engine Cutoff (CECO) was initiated by the 
Instrument Unit (IU) at 461.77 seconds as planned. Outboard Engine Cut- 
off (OECO), initiated by LOX depletion ECO sensors, occurred at 559,54 
seconds giving an outboard engine operating time of 395.34 seconds or 
0.63 seconds longer than predicted. The later than predicted S-II ECO 
was a result of an earlier than predicted Engine Mixture Ratio (EMR) 
shift and lower than planned EMR after the step. Engine mainstage per- 
formance was satisfactory throughout flight. The totai stage thrust at 
the standard time slice (61 seconds after S-II ESC) was 0.04 percent 
above predicted. Total propellant flowrate, including pressurization 
flow, was 0.01 percent below predicted, and the stage specific impulse 
was 0.07 percent above predicted at the standard time slice. Stage 
propellant mixture ratio was 0.36 percent below predicted. Engine 

thrust buildup and cutoff transients were within the predicted envelopes. 
During the S-II engine start transient, an unusually large amount of helium 
was expended from the engine 4 helium tank. The most probable cause of 
the anomaly is slow closing of the engine purge control valve allowing 
excessive helium to be vented overboard. Tests, analysis, and examina- 
tion of valves from service are being conducted to determine the cause 
and solutions for engines on subsequent stages. The center engine LOX 
feedline accumulator performance was satisfactory. The accumulator 

bleed and fill subsystems operations were within predictions and the 
accumulator system was effective in suppressing POGO type oscillations. 
The propellant management system performance was satisfactory throughout 
loading and flight, and all parameters were within expected limits. 
Propellant residuals at OECO were 1405 Ibm LOX, 1 Tbm more than predicted 
and 2612 Ibm LH2, 239 1bm less than predicted. Control of engine mixture 
ratio was accomplished with the two-position pneumatically operated 
Mixture Ratio Control Valves (MRCV). The low EMR step occurred 2.0 
seconds eariier than predicted. The performance of the LOX and LH2 tank 
pressurization systems was satisfactory. This was the second stage to 
utilize pressurization orifices in place of regulators to control in- 
flight pressurization of the propellant tanks. Ultiage pressure in both 
tanks was adequate to meet or exceed engine inlet Net Positive Suction 
Pressure (NPSP) minimum requirements throughout mainstage. 


The S-IVB propulsion system performed satisfactorily throughout the 
operational phase of first burn and had normal start and cutoff transients. 
S-IVB first burn time was 142.6 seconds, 0.4 second longer than predicted. 
This difference is composed of 1.0 second due to the combined first and 
second stage performance and -0.6 second due to the higher S-IVB perfor- 
mance. The engine performance during first burn, as determined from 
standard altitude reconstruction analysis, deviated from the predicted 
Start Tank Discharge Valve (STDV) open +140-second time slice by 0.38 
percent for thrust and zero percent for specific impulse. The S-IVB 

stage first burn Engine Cutoff {£CO) was initiated by the Launch Vehicle 


Digital Computer (LVDC) at 706.21 seconds. The Continuous Vent System 
(CVS) adequately regulated LH> tank ullage pressure at an average level 
of 19.4 psia during orbit and the Oxygen/Hydrogen (02/H2) burner satis- 
factorily achieved LH2 and LOX tank repressurization for restart. Engine 
restart conditions were within specified limits. The restart at full 
open Mixture Ratio Control Valve (MRCV) position was successful. S-IVB 
second burn time was 341.9 seconds, 2.4 seconds less than predicted. 

This difference is primarily due to the slightly higher S-IVB performance 
during second burn, as determined from the standard altitude reconstruc- 
tion analysis, deviated from the STDV open +1]40-second time siice by 

0.57 percent for thrust and zero percent for specific impulse. Second 
burn ECO was initiated by the LVDC at 9,558.41 seconds (02:39:18.41). 

The S-IVB high pressure systems were safed following J-2 engine second 
burn cutoff. The thrust developed during the LOX dump provided a satis- 
factory contribution to the velocity change for lunar impact. Momentary 
ullage gas ingestion occurred three times during the LOX cump as a result 
of LOX sloshing. The greater than nominal slosh activity was attributed 
to the additional vehicle maneuver to the LOX dump attitude for optimum 
velocity increrent following the programmed LOX dump maneuver. As a 
result of the ullage ingestion, liquid flow was impeded and dump perfor- 
mance was decreased. Auxiliary Propulsion System (APS) Module 1 
experiences an external helium leak which started at approximately 3600 
seconds and continued to 22,800 seconds (06:20:00). The maximum leak 
rate experienced was 585 psi/hour. The other Module 1 systems functioned 
normally. Module 2 experienced internal leakage from the high pressure 
system to the low pressure system during the flight. The regulator out- 
let pressure began to increase above the regulator setting at approximately 
970 seconds. The pressure continued to increase to 344 psia, the relief 
setting of the low pressure module relief valve. The regulator outlet 
pressure remained between 344 and 203 psia out to loss of data. During 
periods of high propellant usage the regu!ator outlet pressure decreased, 
but not Tow enough for regulator operation. The prime suspect for this 
internal helium leakage is leakage through the regulator. Data from 
preflight pressurization of the APS indicates that the APS probably was 
on the secondary regulator at liftoff. Another leak path being examined 
is the common mounting block for the high and low pressure He system 
pressure transducer. 


The structural loads experienced during the S-IC boost phase were wel] 
below design values. The maximum bending moment was 71 x 106 Ibf-in at 
the S-IC LOX tank (approximately 27 percent of the design value). Thrust 
cutoff transients experienced by AS-51]1 were similar to those of previous 
flights. The maximum longitudinal dynamic responses at the Instrument 
Unit (IU) were +0.25 g and +0.32 g at S-IC Center Engine Cutoff (CECO) 
and Outboard Engine Cutoff (OECO), respectively. The magnitudes of the 
thrust cutoff responses are considered normal. During S-IC stage boost, 
four to five hertz oscillations were detected beginning at approximately 
100 seconds. The maximum amplitude measured at the IU was #0.06 g. 
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Oscillations in the four to five hertz range have been observed on pre- 
vious flights and are considered to be normal vehicle response to flight 
environment. POGO did not occur during S-IC boost. The S~II stage 
center engine LOX feedline accumulator successfully inhibited the 16 
hertz POGO oscillations. A peak response of +0.5 g in the 14 to 20 

hertz frequency range was measured on engine No. 5 gimbal pad during 
Steady-state cngine operation. As on previous flights, low amplitude 

11] hertz oscillations were e.perienced near the end of S-II burn. Peak 
engine No. 1 gimbal pad response was #0.07 g. POGO acid not occur during 
S-li boost. The POGO limiting backup cutoff system performed satisfac- 
torily during the prelaunch and flight operations. The system did not 
produce any discrete outputs and should not have since there was no PQGO. 
The structural loads experienced during the S-IVB stage burns were. wel] 
below design values. During first burn the S-IVB experienced low ampli- 
tude, 16 tc 20 hertz oscillations. The amplitudes measured on the gimbal 
block were comparable to previous flights and within the expected range 
of values. Simiiarly, S-IVB second burn produced intermittent low 
amplitude oscillations in the 1] to 16 hertz frequency range which peaked 
near second burn cutoff. 


The Guidance and Navigation System satisfactory supported accomp]ishment 
of the mission objectives. The end condition errors at parking orbit 
insertion and translunar injection were insignificant. Three anomalies 
occurred in the Guidance and Navigation System, although their effect 

on the mission were not significant. The anomalies were: a) An anomalous 
one meter/second shift in the crossrange integrating accelerometer output 
just after liftoff, b) A one second delay in ending the tower clearance 
yaw maneuver, c) Intermittent setting of Error Monitor Register bits 13 
and 14. 


The control and separation systems functioned correctly throughout the 
flight of AS-511. Engine gimbal deflections were nominal and APS firings 
predictable. Bending and slosh dynamics were adequately stabilized. No 
undue dynamics accompanied any separation. 


The AS-511 launch vehicle electrical systems and Emergency Detection 
System (EDS) performed satisfactorily throughout the required period of 
flight. There was, however, an anomaly in the S-II ignition bus voltage 
indications during and after the ignition sequence. The S-IVB forward 
Battery No. 2 depleted early as on AS-510 and did not deliver its rated 
capacity. Operation of all other batteries, power supplies, inverters, 
Exploding Bridge Wire (EBW) firing units and switch selectors was normal. 


The S-IC base heat shield was instrumented with two differential pressure 
measurements. The AS-511 flight data have trends and magnitudes sirilar 
to those seen on previous flights. The AS-511 S-II base pressure e.viron- 
ments are consistent with the trends and magnitudes seen on previous 
flights. 
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The AS-511 S-IC base region thermal environments exhibited trends and 
magnitudes sim’ lar to those seen on pr vious flights. The base thermal 
environments or the S-II stage were cunsistert with the trends and magni- 
tudes seen on previous flights and were well below design limits. Aero- 
dynamic heatinc environments and S-IVB base thermal environments were 

not measured on AS-511. 


The S-IC stage forward compartment ambient temperatures were maintained 
above the minimum performance limit during fS-511 countdown. The S-IC 
stage aft compartment environmental conditioning system performed satis- 
factorily. The S-II tre-mal control and compartment conditioning system 
apparently performed satisfactorily since the ambient temperatures exter- 
nal to the containers were normal, and there were no problems with the 
equipment in the containers. The Instrumenz Unit (IU) Environmental Con- 
trol Systems (ECS) performed satisfactorily up until approximately 18,000 
seconds (05:00:00). At this time coolant fluid circulation ceased due 

to an excessively high GN2 usage rate which depleted the Thermal Condi- 
tioning System (TCS) storage sphere. Afte~ cooling ceased, temperatures 
began to increcse but were within acceptable values at the time IU tele- 
metry was terminated. 


All data systems performed satisfactorily throughout the flight. Flight 
measurements from onboard telemetry were 99.9 rercent reliable. Telemetry 
performance was normal except for noted problems. Radio Frequency (RF) 
propagation was satisfactory, though the usual problems due to fiame 
effects and staging were experienced. Usable VHF data were received 

until 18,720 seconds (5:12:00). The Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly, on command, if flight conditions during launch phsse 
had required destruct. The system properly safed the S-IVB on a commend 
transmitted frem Bermuda (BDA) at 716.2 seconds. The performance of the 
Command and Communications System (CCS) was satisfactory from liftoff 
through the first part of lunar coast when the CCS downlink signal was 
lost. Usable CCS telemetry data were received to 27,643 seconds (7:40:43) 
at which time the telemetry subcarrier was inhibited. Madrid (MAD and 
MADW), Ascension (ACN), Goldstone (GDS), Bermuda (BDA) and Merritt Island 
Launch Area (MILA) were receiving CCS signal carrier at the abrupt loss 
of signal at 97,799 seconds (27:09:59). Good tracking data were received 
from the C-Band radar, with MILA indicating final Loss of Signal (LOS) 

at 38,837 seconds (10:47:17). In general ground engineering camera 
coverage was good. 


Total vehicle mass, determine. wm post-flight analysis, was within 
0.36 percent of predict‘3n fr. ground ignition through S-IVB stage final 
shutdown. This small variation indicates that hardware weights, propel- 
lant loads, and propellant utilization were close to predicted values 
during flight. 


All aspects of the S-1V3/IU Lunar Impact Mission objectives were accom- 
plished successfully except the precise determination of the impact 
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point and time of impact. Preliminary analysis of available tracking 
data plus calculations based upon three lunar seismometer recordings of 
the impact indicate the S-IVB/IU was successfully maneuvered to impact 
the lunar surface within 350 kilometers (189 n mi) of the target. The 
loss of tracking data at 97,799 seconds (27:09:59) has precluded deter- 
miaing the impact time and location within the mission objectives of one 
second and five kilometers (2.7 n mi), but these objectives may be 
eventually determined by analytical techniques not previously used. 
Based upon analysis to date the S-IVB/IU impacted the lunar surface at 
270,482 seconds (75:08:02) et approximately 2.1 degrees north latitude 
and 22.1 degrees west longitude with a velocity of 2,655 meters per 
second (8,711 ft/s). This preliminary impact point is approximately 
320 kilometers (173 n mi) from the tavget of 2.3 degrees south latitude 
and 31.7 degrees west longitude. Real time targeting activities were 
changed considerably from preflight planned operations because of the 
following real time indications: 


1. IU GN2 cooling pressurant leakage 


2.  Unanticipated 1U velocity accumulations during Timebase 7 (later 
identified as primarily platform biases) 


3. Early S-IVB APS Module 1 propellant depletion (later identified 
as a He leakage problem) 


4. Unsymmetrical APS uliage performance 


Because of these indications, a more efficient LOX dump attitude was 
selected to reduce the APS targeting burn requirement. Due to the pro- 
blems with the vehicle, there would have been no opportunity to perform 
a second APS burn even if it had been required. 


An inflight demonstration was conducted as proposed by the Marshal! Space 
Flight Center to demonstrate Electrophoretic “separation in a zero g 
environment. The Electrophcretic Separation Demonstration, a chemical 
separation process based on the motion of particles in a fluid due to 

the force of an electric field, was conducted to shov the advantages 

of the almost weightless environment. The preliminary assessment of 

the demonstration indicates that the electrophoresis was more distinct 
than on earth and fluid cunvection effects were minimal. The photographs 
were clear and sharp and the crew commentary thorough. 


The Lunar Roving Vehicle (LRV) satisfactorily supported ‘e lunar explora- 
tion objectives. The total odometer distance traveled a ing the three 
traverses was 26.9 kilometers at an average velocity of -.30 km/hr. 

The maximum velocity attained was 17.0 km/hr and the maximum slope 
negotiated was 20 degrees. The average LRV energy consumption rate 

was 2.00 amp-hours/km with a total consumed energy of 86.0 amp-hours 
(including the Lunar Communication Relay Unit [LCRU]) out of an 
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approximate total available energy of 242 amp-hours. The navigation 
system gyro drift and closure error at the Lunar Module (LM) were 
negligible. Controilability was good. There were no preblems with 
steering, braking, or obstacle negotiation, except downslope at 
speeds above 10 kph, where -he vehicle reacted like an "auto driven 
on ice." Brakes were used at Jeast partially on all downslopes. 
Dirivng down sun was difficult because of poor visibility of the 
"washed out" Jurain. All interfaces between crew and LRV and between 
LRV and stowed payload were satisfactory. 

The following anomalies were noted during lunar surface operation: 
Anomaly 1. Insufficient Battery Coclaown 

The LRV Battery Cooldown between EVA's 1 and 2 and between EVA's 2 and 
3 was insufficient causing battery cover temperature cv-fore the end of 
the mission. 

Aromaty 2.  LRV Electrical Reconfiguration 


a. Navigation system distance, range, and bearing computations stopped 
on FVA 2. 


b. Zero emps on Battery #2 on EVA 2. 

Anomaly 3. LRV Instrumentation 

a. Four meters off scale low at post deployment checkout. 
b. No rear steering at post deployment checkout. 

c. Loss of wehicle attitude indicator pitch meter scale. 
d. Bactery #1 temperzture meter off scale low. 

e. Amp-Hour meter malfunction. 


Anomaly 4.  LR¥ Fender Extension Missing 
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MISSION OBJECTIVES ACCOMPLISHMENT 


Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives 

as defined in tre "Saturn V Apollo 16/AS-511 Mission Implementation Plan," 
MSFC Document PM-SAT-8010.9 (Rev. A), dated December 20, 1971, and 

revised on February 24, 1972. An assessment nf the degree of accom- 
plishment of each objective is shown. Discussion supporting the assess- 
ment can be found in other sections of this report as shown ‘n Tatle 1. 


Table 1. Mission Objectives Accomplishment 


ne een —_—— 
MSFC MANDATORY OBCECTIVES (MO) DEGREE OF SECTION IN 








WO. AND DESIRABLE OBJLCTIVES (00) ACCOMPLISHMENT] DISCREPANCIES 7 WHICH DISCUSSED 


Launch on a flight azimuth between 72 and 
100 degrees and insert the S-IVB/1U/S¢ 
into the planned circular earth parking 
orbit (M0). 


Complete None 4.1 














Restart the S-IVB during either the second 
or third revolution and inject the S-1VB/1U/SC 
onto the planned translunar trajectory (M0). 


Provide the required attitude control for 
the $-IVB/IU/SC during TORE (MO). 


Perform an evasive maneuver after ejection 
of the CSM/LM from the S-IVB/IU (00). 


Target the S-[V8/IU stages for impact on 
the lunar Surface at 2.3 degrees South 
latitude and 31.7 degrees West longitude (D0). 


6 Determine actual impact point within § Not Desired accu- 17.4 
kilometers and time of impact within Accomplishec jracy not 
one second (D0). achieved, but 
determined sti} 
7.4 


7 After final LV¥/SC separation, vent, and dump Comp le te 
the remaining geses and prcpellants to safe 
the S-IVB/Iu (DO). 
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FAILURES AND ANOMALIES 


Evaluation of the Launch Vehicle and Lunar Roving Vehicle data revealed 
fifteen anomalies, five of which were considered significant. There 
were no failures. The significant anomalies are summarized in Table 2 
and the cther anomalies summarized in Table 3. 


Previous Saturn Launch Vehicle keports classified problems either as 
Failures, Anomalies, or Deviations. Effective with this AS-511 Report, 
problems are now reported as per Apolto Program Directive 19C (APD 19C) 
Failures, Significant Anomalies, or Anomalies. Significant Anomalies 
reported herein are comparaole to previously reported Aromalies. 

Anomalies reported herein are comparable to previously reported Deviations. 


Problems are defined per APD 19C as: 
a. Failure 


The inability of a system, subsystem, and/or hardware to perform its 
required function. 


b. Significant Anomaly 


Any anomaly which creates or could create a hazardous situation or condi- 
tion; results or could result in a launch delay or endanger the accom- 
plishment of a primary or secondary mission objective; would indicate 

a serious design deficiency; or could have serious impact on future 
missions. 


Cs Anomaly 


Any deviation of system, subsystem, and/or hardware performance beyond 
previously established limits. 


XXiX 


Table 2. 


ANGPALY EDENT IFICATION 


Summary of Significant Anomalies 


RE COPPERDED COPUECTIVE ACTION 


CEHICLE 
tFFtC- 
TIVETy 


AS-$12 


OCCURRENCE 
RANGE TIME 
SECS 


DESCRIPTION (CAUSE } EFFECT ON MISSION 


J-2 Engine to. 4 
helium consumption 
during engine start 
operations excessive. 
Pressure in system 
dropped 630 psi on- 
pered lo norma! 325 
psi. (Failure of 
engine purge control 
valve to completely 
cease for approxi - 
mately 10 secs.) 


Excessive helium leek 
age in the MS sodvie 
@1 prepellent pres - 
surizetion system. 
(Uninenens} 


WS Vedvle 62 pre- 
geltent pressertza- 
tien system expert 
enced an exorst{ve 
pressure decay tn 
the helten supply 
pettle and an accon- 
panying prestere 
wiles Questreem 
ot the al pressere 
Feguleters which at 
ttass veeched the 


Wene, pressure decay lasted 
WO secs. If decay had 
Vasted 40 secs, engine cet- 
off would fave resyited end 
the | imary mission not 
accomplished. (Al) out- 
board engines mst burn 

for 184 secs for primary 
mission.) 


Begradec lumer inpe.t tar- 
geting accuracy. The leak- 
age rate indicated that 
there would be insufficient 
helium supply for the second 
S scheduled burn. This 
anomaly and item @ gncwaly 
were contributing factors 

in the decision not to 
attempt the burn. 


Qeme, Squever, if anamalies 
ta teeus 2 and 4 had not 
existed end a second tuner 
fepact bern attenpted, the 
burn would have required 
watification due te 
excesttee propellant expul- 
sion pressure end early 
belion seply depletion. 


from 3600 
sec to 
22,800 sec. 


valve assexbdlies in 
the S-11T and 8-148 
stages effective 
with AS-517 wtth 
assemblies that have 
had: 


Tre deactiva- 
tion setting 
increased. 


an orifice 
added to the 
valve vent 


outlet. 


A redundant 
check valve 


added. 


Provide addi- 
tional He supply 
by connecting 


the sta 
to the 
system. 


Supply 
te 


feplece bulk- 
head fittings 


sealing relt- 


ability. 





Table 3. Summary of Anomalies 


PARAGRAPH 
ITEM] =—-VEMICLE SYSTEM ANOMALY PROBABLE CAUSE SIGNIFICANCE REE RING 





























S-T]/blectrical fe volt drop tn ignition Measurecent or electrical net- None an this mtsstan. [ft prot-f tl. 3 
voltage during ignition wort farlure. lew was in electrical networks 
sequence and drop ta zero and had occurred earlier, 

1.2 secands after ignition avatlability of proper iany- 
off. tian voltage would te 
questionable. 
2 S-LVB/Electrical Forward battery lic. ¢ Inflight thermal environment, None on this mission, Aithough} 1] .4.2 






the battery fuifilled its mis- 
sion requirenents, Tt was not 
known prior to flight that 
plate limiting coupled with the 
cooler in-flight environment 
and battery temperature grad- 
jent would cause a reduction 
in service (Cana ity. 


depleted ai approsimete ly coupled with excessive negetive 
6 hours and 2? minutes and | plate limiting of the battery. 
did not deliver its reted 
capacity of 24.6 amp-hrs, 




















None, since System ts triple 
redundant. 


IU/L VDA & LVDC 






Crror Monitor Register bits jfetture of the 44 sec Delay 
13 and 14 set intermittent- , line. 

Ty. Logic signal dtsagree- 
ments occurred at approri- 
matery 6 hours, 43 minutes. 
















Probably none. although the 
AS-513 guidance scheme wil’ 
not use accelerometers for 
first ten seconds of flight. 
A decrease in flight redun- 
dancy if the same fai ture 
occurred in flight, althoudh 
analyses indicate vehicle 
would stil] be controllable. 





1uU/Gui dance The crossrange (¥) accetern-jContact af accelerometer float 
meter erperienced a | with mechanica’ stop. 
wreter/sec velocity shift 
just after liftoff. 































Shorted or open transistor (pro- 
bably 08) on Lemodw lator Card of 
Control Stgnel Pracessor. 








1u/Contro? & EDS During @ prelaunch test, 
the backup yaw rate gyro 
channel had an wmenplained 
drop tn output from C.25 


deg/sec to 0.15 deg/sec. 















































Wone on this mission. Since a 
similar delay could occur in 
performance of tower clearance 
maneuver initiation with e@ re- 
sulting decrease in clearance 
distentes, the flight program 
will te reprogrammed to pre- 
vent such an occurrence on a 
future mission. 


TU/G''4 dance Tower clearance yaw man- 
euver was extended approxi - 
mately one second longer 


than nominal. 


Method of implementing yaw 
maneuver termination in LVDC 
software provides approximate ly 
10. probability of this situation 
occurring. {Yaw maneuver is 
leplewented by priority interrupt 
and cen be erroneously delayed 
for approximately one second if 
the atteapt to implement occurs 
between calculating the minor loop 
yaw command rate stored in teapo- ; 
Tary location and its subsequent 
storage in normal location.) 









































Required departure from 5 tan- 
dard procedure for operating 
electrical system, causing 
electrical system anenalies. 
Battery exceeded tempers- 
tere specification. 


Hone . 








LRV was parked closer to LN 
than anticipated and dust on 
battery mirror. 


Insufficient battery 
cooldown . 






LAV Batteries 


LAV Electrical 
System 











| Unknown . 





fmp-hour readings di ver- 
gent (EWA-Z). 
















Navigation system distence, 
range, and bearing outputs 
amert (EWA-2). 


Me fonmrd drive power. 





fone, eas operational during 
cw 4. 















Bone. Qperated properly 
during traverses. 


Nene . 





Mo reat steering at post Unknown. 


Geployaent checkest . 




















PM select switch inadvertently 
qeoved by creweum. 


Loss of rear drive pourr 
4£¥R-2). 


Four of six meters off- 
scale-lew et post depley- 
ment checkout. 


Pitch te@icater scale fell 
off (EWA-2). 





None. Operated properly 
during traverses. 






LRY Instrumentation 













{Scale debonding. fone . 













Qettery #1 Meter failure. 


toupereture 
meter off-scale-lew (EWA-3). 


LOY fender Qumped by cremmen and dislodged. | 
Exterrs jon 





tacessive lener dust on crew 
ond equignent. 
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SECTION 1 
INTRODUCTION 


1.1 PURPOSE 


This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch 
vehicle and Lunar Roving Vehicle (LRV) evaluation results of the AS-511. 
flight (Apollo 16 Mission). The basic objective of flight evaluation is 
to acquire, reduce, analyze, evaluate and report on flight data to the 
extent required to assure future mission success and vehicle reliability. 
To accomplish this objective, actual flight problems are identified, their 
causes determined, and recommendations made for appropriate corrective 
action. 


1.2 SCOPE 


This report contains the performance evaluation of the major launch vehicle 
systems and LRV, with special emphasis on problems. Summaries of launch 
operations and spacecraft performance are included. 


The official George C. Marshall Space Flight Center (MSFC) position at 
this time is represented by this report. It will not be followed by a 
similar report unless continued analysis or new information should prove 
the conclusions presented herein to be significantly incorrect. 
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SECTION 2 
EVENT TIMES 


2.1 SUMMARY OF EVENTS 


Range zero time, the basic time reference for this report is 12:54:00 
Eastern Standard Time (EST) (17:54:00 Universal Time [UT]) April 16, 
1972. Range time is the elapsed time from range zero time and, 

unless otherwise noted, is the time used throughout this report. Time 
From Base time is the elapsed time from the start of the indicated 
time base. Table 2-] presents the time bases used in the flight 
sequence program, the vehicle and corresponding range time and the 
signal for initiating each time base. 


The start times of To, Tj, and Tz were nominal. 13, Ta, and Ts were 
initiated approximately 0.3 seconds early, 0.3 seconds late, and 0.7 
seconds late, respectively, due to variations in the stage burn times. 
These variations are discussed in Sections 5, 6 and 7 of this document. 
Start times of Tg and T7 were 0.7 seconds late and 1.8 seconds early, 
respectively. Tg, which was initiated by the receipt of a ground com- 
mand, started 293.1 seconds early. 


Figure 2-1 shows the mean difference between ground station time and 
vehicle time including the adjustments for telemetry transmission time 
and Launch Vehicle Digital Computer (LVDC) clock errors. 


A summary of significant event times for AS-511 is given in Table 2-2. 
The preflight predicted times were adjusted to. include the actual first 
motion time. The predicted times for establishing actual minus pre- 
dicted times in Table 2-2 were taken from 40M33627D, “Interface Control 
Document Definition of Saturn SA-511, 512 and 514 Flight Sequence 
Program" and from the "Revised AS-511 Launch Vehicle Operational Tra- 
jectory for the April 16, 1972, Launch Day." 


2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS 


Table 2-3 lists the switch selector events which were issued during the 
flight, but were not programmed for specific times. The water coolant 
valve open and close switch selector commands were issued by the LVDC 
recs) on the temperatures sensed in the Environmental Control System 
ECS). 
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Figure 2-1. 


TIME BASE 


See 
wee 
FRE 





8 10 l2 
RANGE TIME, 1000 SECONDS 


1% 20 22 


Ee SS. a. aa | 
0 1:00:00 2:00:00 3:00:00 4:00:00 5:00:00 6:00:00 
RANGE TIME, HOURS :MINUTES :SECONDS 


Ground Station Time to Vehicle Time Ccnversion 


Table 2-1. 


VEHICLE TIME 
SECONDS 
(HR:MIN:SEC) 


161.81 
$89.54 
706 .43 


9638.58 
(02:23:58.58) 


9558.65 
(02:39:08.65) 


18,487.09 
(04: 18:07.09) 


Time Base Summary 


GROUND TIME 
SECONDS 
(HR:MIN :SEC) 


167.81 
559.54 
706.43 


8638.57 
(02:23:58.57) 


9558.64 
(02:39 :08.64) 


15,487.16 
(04:18:07.16) 
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SIGNAL START 


Guidance Reference Release 


IU Umbilical Disconnect 
Sensed by LVOC 


Initiatea by LVDC 0.010 
Seconds after Ty +137.4 
Seconds 

S-IC OECO Sensed by LVDC 
S-II OECO Sensed by LVDC 


S-I1VB ECO (Velocity) 
Sensed by LVDC 


Restart Equation Sol: tion 
S-IVB ECO (Velocity) 
Sensed by LVOC 


Initiated by Ground 
Command 





Wk eotgee ee 


gE. 


Table 2-3 also contains the special sequence of switch selector events 
which were programmed to be initiated by telemetry station acquisition 
and included the following calibration sequence: 


FUNCTION STAGE TIME (SEC) 
Telemetry Calibrator IU Acquisition + 60.0 
Inflight Calibrate, ON 
T™ Calibrate, ON S-IVB Acquisition + 60.4 
TM Calibrate, OFF S-IVB Acquisition + 61.4 
Telemetry Calibrator IU Acquisition + 65.0 


Inflight Calibrate, OFF 








ye 


Table 2-2. Significant Event Times Summary 


[RANGE Time | —sTIE FROM BASE 


EVENT CESCRIPTICN 


UIDANCE REFERENCE RELEASE 
(GRR) 


ENGINE NO.S START 
ENGINE NOLL START 
ENGINE WO.3 START 
ENGINE NOW2 START 
ENGIAE NO.4 START 
tt SIC ENGINES THRUST OK 
RANGE ZERO 


Lt HCLOOCWN AFMS RELEASED 
CFEIRST MOTION) 


U UMBILICAL DISCCNNECT, START 
OF TIME MASE 2 (TE) 


EGIN TOWE® CLEARANCE YAW 
MANEUVER 


ND Vaw “MANEUVER 10.9 
EGIN PITCH AND ROLL MANEUVER 12.7 
S-1C OCuTaOaRD ENGINE CANT 20.5 
NO POLL MANEUVER 31.8 
acH 1 67.5 


AXGMt™ DYNAMIC PRESSURE 86.0 
(MAK QO) 


be TC CENTER ENGINE CUTOFE 137.85 
(cEcnod 


START NF TEME BASE 2 (T2) 138.0 


ND PITCH MANEUVER (TILT 158.9 
AGREST) 


B-(C OUTROAED ENGINE CUTOFF 161.78 
(OECD 


BTACT OF TIME fASE 3 (73) 161.8 
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Table 2-2. Significant Event Times Summary (Continued) 









EVENT DESCRIPTION 


STagt S-f1f tH2 TANK HIGH 
PRESSUSE VENT MONE 








BoE t42 FECIRCULATICN PUMPS 
OFF 







S-1C/S—1T SEPARATION CIOPMAND 
TC FIRE SEPARATION DEVICES 
ard RETRO ANTNRS 







oUt ENGINE SCLENCIO ACTIVAT= 
TON (AVERAGE OF FIVE) 







“IT ENGINE START SEQUENCE 
corvand (ESC) 














~TT .GNITION=-STCV OPEN 









CHILLOOWN VALVES CLOSE 


MAINSTAGE 








1 ON 





HIGH (5.5) EMF WC. 










HIGH (5.5) E®® ANC. 2 ON 
SECONC PLANE SFPASATICN 
COMMAND CJETTISON S-Ef AFT 
INTER STAGE) 











LQUNCH FSCA2PE ThwFe (LET) 199.8 38.0 


JETTISAN 
















42.7 








204.5 





ITERATIVE GUIDANCE MNOE (1G) 
PHASS 1 EFNITIATES 























S-TT CENTER ENGINE CUTOFF 451.77 -0.33 299.96 -0.04 


(cECcn) 





332.5 





494.3 





STAT NEF BETITFICTAL TAIN PNDE 






IES-TT LW EAGINE MIKTURE @ATIC 494.5 332.7 


(EMR) SHIFT CaCTUALI 












344.5 






506.7 





Ev ME APTEFICI AL Tay *Cte 









0-33 397.73 0.62 





S-1T OUTPACE ENGINE CUTCEF 559.54 


qcFeny 











3-3 ded 32d 





5$9.5 






FNGENEG CUTOFF INTEFPUPT, 
Ww TIME RASE 4 O74) 


S-11 
START 












SaTvH ML ACE PNYNe TONETION 960-4 39 













560.5 1.0 





C27 175-FV2 SECALATION COwwanp 
TC Tyke, SEPAECATINe CfVECT Ss 
ART KETEC MATS 









Table 2-2. Significant Event Times Summary (Continued) 


| _mance tame | TIME FROM GaSe 
eer uel 
* SEC 


S-IVR ENGINE START COMMAND 
(FIRST ESC) 


VEL CHILLOCUN PUMP OFF 
S-IVB IGNITION (STOV OPEN) 
S-1VG “MAINSTAGE 

TAPT OF ARTIFICIAL TAU MODE 
S-!VB ULLAGE CASE JETTISON 
END OF ARTIFICIAL TAU “ODE 
BEGIN TERMINAL GUIDANCE 
END IGM PHASE 3 
BEGIN CHI FREEZE 


S-IVA VELOCITY CUTOFF 
Command NC. 1 CFTRST ECA) 


S-1V¥VB VELOCITY CUTOFF 
Command NO. 2 


S-1V@ ENGINE CUTOFF INTERRUPT, 
START MEF TEME SASE S (TS) 


“TVA APS ULLAGE FNGINE NO. 
IGNITION COPMANG 


S-tVF APS ULLAGE ENGINE NO. 
TGRITTAN COMPAND 


AX TANK PRESSURTZATION NFF 
PARKING NOFIT INSERTION 


RPEGIN “MANEUVFR TO LOCAL 
HORIZONTAL ATTITUDE 


-1VB CONTINUCUS VENT 
SVSTE&™ (CVS) ON 


“-1VB @PS ULLAGE FNGINE NO. 
CUuTGFF COMmaNc 


-1V® APS ULLAGFE CNGEINE NOD. 
CUTCFFE COMMAND 


PEGIN ORRITAL NAVIGATICN 
ELEN SHfVe FESTACT PROPAR AH 


TIONS, STAET OF TIME PASE 6 
(t6) 
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Table 2-2. Significant Event Times Summary (Continued) 


RANGE TIVE TIME FRC CASE 
CESCRIPT ICN acTuat ACT-PRFO ACTUAL 
src S&C sec 
“TVR OPF7H2 RURNER TH? TN 8679.8 0.6 41.3 
“TV! 92¢7H?2 RYURNFR EXC TTo2s Of | R68O.1] 


~1VAR A2/H2 AURENEE LOX ON 6630.5 
CHEL TUM HEATER ON) 


S-FVA CVS OFF 8680.7 


S-tVB tH2 FEPFESSUF IZATION A6AG.6 
CONTeCL VéLVF ot 


FCOLESSURTTATION 8£96.8 
vatvs ow 


HYCEAYLIC Prime 8857.5 
Fe inqut cope as 


S-TV& LO CHILLCCWS LIME ON RGd7.> 


S-1VA LH? CHIELICRN Give Op, aec2.5 





“TVA Aec VALVES CLOSET 8897.5 


SeTVP VERTUEE FCATIC CONTHEOL 9386.6 
VALVE OPEN 


“IVP APS ULL EGE tA CINS NO. 1] 9134.94 
ICNP TICN Coveanr 


seelgmn ue ys 


S*1VP 29S ULLAGE FNGINE RI. 2 9134.9 
TGNEITIOAN COMMANT 


S-TVB Q2/H2 BUENEF LH? CFF 9L35.3 
(HELIUM HEATER OFF) 


SH1TVR N2IH2 PO IENER LOX CFF 9139.4 
S-1TVP LH2 CHILL TOWN PUP TFE 9207.9 
S-Tv@ LOK CHELL CC WN SMe EF 920R.1 
ST VR CNGIRE LECTART CORMANA 9236.5 
CFUEL LTEG INTTIATION) 
(SFCOND € SF) 


S=TVA APS TEL AET CRGINE AC, A 9711.5 
CUTSEe COMMA 


S-IVP 40S ULLACE CNGINE NO. 2 9211.6 
CUTQEE COMMEND 


S-1VR SETORN TENT TION STAY 9216.5 
Oe) 





S-TvP WATNSTAGE 9219.0 








Table 2-2. Significart Event Times Summary (Continued) 
JP RANGE Time | UTIME Ferm BASE | 


EVENT PESCRIPTION ACT=PFEO ACTUAL 
SEC SEC 


90 ENGINE PT XTUFE RATIO (EMR) 9264.7 1.0 626.3 0.3 
CONTROL VALVE SHIFT (AREGIN 
VALVE “CVEMVENT) 





Ol R-IVA LH? STES PRESSURIZATION 9488.5 C.6 e50.0 0.0 
CSECOND FPUPN RELAY NFF) 

92 BEGIN TERMINAL GUIDANCE 9530.7 “1.2 69202 “1.8 

93 PEGIN CHI FREEZE 9555.8 -2.3 917.2 -3.1 

94 B-TVve SECOND GUIDANCE CUTCFF 9556.41 -1.79 3-23 -0.03 
















CO¥MAND NO. 1 CSECOND ECO) 



























TENT TION COPMaNn 





95 B-IV@ SECOND GUIDANCE CUTOFF 9558.52 -1.78 -3.12 -0,02 
CCMMAND WO. 2 
96 B-IV3 ENGINE CUTCEF IXTEFRUPT,| 9558.6 -1.8 J.0 0.0 
STAPY OF TIME BASE 7 (TT) 
| 97 K-!ve CVS ON 9559.1 -1.8 0.5 0.0 
99 WRANSLUNAR INJECTION CTLID 9566.4 -1.8 9.8 0.0 
1300 P&GIN OPRITAL NAVIGATION 9710.3 -1el 151.6 0.6 
LOL REGIA MANEUVER TO LOCAL 9719.3 -1.2 151.6 0.6 
HORTPZONTAL ATTETUCE 
102 BEGIN “MANCUVER TD TRANSPCSI~ 113459.3 -5.1 Pd.6 “3.4 
TION AND COCKING ATTITUDE 
(Thre) 
103 CS Ssteacetion 11099.0 38.6 1540.3 40.3 
104 Es* onc« 1283.4 453.6 2554.7 45504 
LOS BC/LV FINAL SEPAPATION 14355.1 ~-4.7 479664 $2.9 
106 BTAGT “F TIME BASE & CTA) 1548722 -293,.1 0.0 0.0 
107 KR-IVe® APS ULLAGE ENGINE NOW 2 115468803 -293.2 1.2 ).d 
IGNITION COMMoqr 
10® K-1VE APS ULLAGE EAGING NOW 2 115458.5 -293.2 1.4 c.0 


109 B-IVA APS UELAGE ENGINE AD. 1 1 15568.3 -293.2 


CUTOFF COMMEND 








110 BefvS aps ULLAGE ENGINE NO. 15568.5 ~293.2 


CUTIE COMvarn 


Table 2-2. Significant Event Times Summary (Continued) 


PANGE TIME TIME ait 


EVENT DESCRIPTION “ECTUAL ACT-PREC ACTUAL 
See SFC SEC 





LEL PINT TIATE “aNEUVFR TGC LCX PIMP 1 16068.4 581.2 
ATTITUDE 

112 f-1VA Cy¥S ON L62A7,2 1000.0 0.0 

L13 PREGIN LOX CuUMP 167671 1280.0 0.0 

114 B-IvB Cvs OFF 167A7.1 1300.0 0.0 

115 JENS LOX “UMP 1oelsel 1328.0 0.0 

116 BH? ACNEROPULSIVE VENT (NPV) CAT 17964.1 1577.0 2.0 

LIT INITIATE YANEUVER TO ATTITUDE 11983722 4350.0 1230.3 
REQUIRED FNR S-Tve 
APS BUEN 

118 [S+fVB 49S ULLAGE ERGIKE KO. 1 1 29495.2 606.9 4920.0 900.2 
IGNITION COMMAND 

119 (S=TV® APS ULLEGE ENGINE NO. 2 123949724 607.1 4920.2 900.3 
ICKETION COMsaNger 

LZ IS-IVB 495 ULL AGE ERGINE NTL 1 12946122 502.9 4974.0 796.1 
CUPNEE COMMANY 

L2L IS“TVE APS (LAGE FNGIFE S94. 2 1 20661.4 503.1 4974.2 796.3 
CUTOFF COMMANG 

L22 JINITIATE THREG-OxES TuMeLe 2130622 14094.1 5819.0 13800.86 
CCMMAND 

L123 1S=fVA7TU LUNAR PYPACT CHCUFS) | 270.4R2 2274 


CHE SMINSSEC)D T75.08207? 190237354 





Table 2-3. Variable Time and Command Switch Selector Events 


FUNCTION 


Water Coolant vaive CLOSED 


Telemetry Calibrator 
Inflight Calibrate ON 


™ Calibrate ON 


™ Calibrate OFF 


Telemetry Calibrator In- 
Flight Calibrate OFF 


Water Coolant Valve CLOSED 


Telemetry Calibrator In- 
Flight Calibrate ON 


T™ Calibrate ON 

T™ Calibrate OFF 
Yelemetry Calibrator In- 
Flight Calibrate OFF 
Telemetry Calibrator In- 


Flight Calibrate ON 


™ Calibrate ON 


™ Calibrate OFF 


Telemetry Calibrator In- 
Flight Calibrate OFF 


TIME 
FROM 
BASE (SEC) 


15+73.8 


T5+400.3 
Tg +400.7 
T5+401.7 
T5+4C5.3 


T5+2473.8 
1542536. 3 


T.+2536.7 
15+2537.7 
Te +2541 .3 


T.+2968.3 


T.+2968.7 


T5+2969.7 


15+2973.3 





REMARKS 


LVDC Function 


Acquisition by 
Canary Rev. 1 


Acquisition by 
Canary Rev. | 


Acquisition by 
Canary Rev. 1 


Acquisition by 
Canary Rev. 1 


LVDC Function 


Acquisition by 
Carnarvon Rev 1 


Acquisition by 
Carnarvon Rev 1 


Acquisition by 
Carnarvon Rev 1 


Acquisition by 
Carnarvon Rev 1 


Acquisition by 
Honeysuckle 
Rev } 


Acquisition by 
Honeysuckle 
Rev 1 


Acquisition by 
Honeysuckle 
Rev 1 


Acquisition by 
Honeysuckle 
Rev | 


Table 2-3. 


FUNCTION 
Telemetry Calibrator In- 
Flight Calibrate ON 
T™ Calibrate ON 
™ Calibrate OFF 
Telemetry Calibrator in- 
Flight Calibrate 
Water Coolant Valve OPEN 
Water Coolant Vaive CLOSED 
yiart of Time Base 8 (Tg) 
Water Coolant Valve OPEN 
Water Coolant Valve CLOSED 


Switch CCS to Low Gain 
Antenna 


Switch CCS to Low Gain 
Antenna 


Switch CCS Antenna to OMNI 
{ Water Coolant Valve OPEN 
S-IVB Ullage Engine No. 1 ON 


S-IVB Ullage Engine No. 2 ON 
S-IVB Ullage Engine No. 1 OFF 
S-IVB Ullage Engine No. 2 OFF 


FCC Power OFF "A" 
FCC Power OFF "B" 


6706.7 
6707.1 
6708.1 
6711.7 


13380.2 
13680. 2 
10487 .2 
16380.2 
16680.2 
20249 .0 


20250.3 


21476.3 
22980 .2 
20407.2 


20407 .4 
20461 .2 
20461.4 


21323.9 
21337.2 


2-11/2-12 


TIME 
FROM 

BASE (SEC) 

T, +6000. 3 


T5+6000. 7 
Ts+6001.7 
T.+6005.3 


T7+3821 .6 
T7+4121.5 
Tg+0.0 
Tg+893.1 
Tg+1193.1 
Tgt4761.9 


Tgt4763.2 


Tg+5989.2 
Tgt7493.1 
Tg#4920.0 


Tg+4920.2 
Tgt4974.0 
Tgt4974.2 


Tg+5836.7 
Tgt5850.0 


Variable Time and Command Switch Selector Events (Cont'd) 


Acquisition by 
Canary Rev 2 


Acquisition by 
Canary Rev 2 


Acquisition by 
Canary Rev 2 


Acquisition by 
Canary Rev 2 


LVDC Function 
LVDC Function 
CCS Command — 
LVDC Function 
LVDC Function 
CCS Command 


CCS Command 


CCS Command 
LVDC Function 


Lunar Impact CCS 
Command 


Lunar Impact CCS 
Command 


Lunar Impact CCS 
Command 


Lunar Impact CCS 
Command 


CCS Command 
CCS Command 

















SECTION 3 
LAUNCH OPERATIONS 


3.1] SUMMARY 


The ground systems supporting the AS-511/Apollo 16 countdown and launch 
performed satisfactorily with no unscheduled holds. Propellant tanking 
was accomplished satisfuctcrily. The space vehicle was launched on 
schedule at 12:54:00 Eastern Standard Time (EST) on April 16, 1972, 

from pad 39A of the Kennedy Space Center, Saturn Complex. Damage to the 
pad, Launch Umbilical Tower (LUT) and support equipment was considered 
minimal. 


3.2 PRELAUNCH MILESTONES 


A chronological summary of prelaunch milestones for the AS-511 launch 
is contained in Table 3-1. 


3.2.1 S-IC Stage-Prelaunch Problems 


One minor S-IC problem occurred during the Countdown Demonstration Test 
(CDDT). The LOX tank ullage pressure measurement, D94-119, was erratic 
for a five minute period during the T-9 hour hold. The problem cleared 
and could not be duplicated; however, the transducer was replaced. 
Failure analysis could not determine the cause of the problem. 


3.2.2 S-II Stage Prelaunch Problems 


During an engine helium bottle decay test, engine No. 2 emergency vent 
was two minutes slow in closing. The pneumatic package was replaced on 
February 2, and the replaced unit returned to the engine contractor 
where the problem could not be repeated. The failure was attributed to 
contamination. 


During the Flight Readiness Test (FRT), prior to application of hydraulic 
pressure, engine No. 4 yaw actuator position showed a step from 0 degrees 
to approximately 1.5 degrees extended. Review of test data revealed similar 
steps occurring on other actuators during the Overall Test (OAT-1) and 
Backup Guidance System (BUGS) test. Engine No. 4 yaw actuator was replaced 
on March 23, 1972, and returned to the supplier where testing failed to 
reveal the cause of the problem. Analysis and lab tests revealed that 
movement of the cylinder bypass valve was the most likely suspect, there- 
fore, mechanical clamps were installed on the valves to prevent valve 
motion. Launch Mission Rule (LMR), items 2-394 through 2-401, were imple- 
mented to assure detection in the event of recurrence during countdown 
operations. 
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Table 3-1. AS-511/Apollo 16 Prelaunch Milestones 


ACTIVITY OR EVENT 


S-IVB-511 Stage Arrival 

Spacecraft/Lunar Module Adapter (SLA)-20 Arrival 
S-II-11 Stage Arrival 

Lunar Module (LM)-11 Descent Stage Arrival 

Lunar Module (LM)-11 Ascent Stage Arrival 
Command and Service Module (CSM)-113 Arrival 
Lunar Roving Vehicle (LRV)-2 Arrival 

S-IC-11 Stage Arrival 

S-IC Erection on Mobile Launcher (ML) -3 
Instrument Unit (I1U)-511 Arrival 

S-II Erection 
S-IVB Erection 
IU Erection 
Launch Vehicle (LV) Electrical Systems Test 


LV Propellant Dispersion/Malfunction Overall Test (OAT) 
Complete 


LRV Installation 

LV Service Arm OAT Complete 

Spacecraft (SC) Erection 

Space Vehicle (SV)/ML Transfer to Pad 39A 

SV/ML Returned to VAB 

SV/ML Second Transfer to Pad 39A 

SV Electrical Mate 

SV OAT No. 1 (Plugs In) Complete 

SV FLight Readiness Test (FRT) Completed 

RP-1 Loading 

Countdown Demonstration Test (CDDT) Completed (Wet) 
CDDT Completed (Dry) 

SV Terminal Countdown Started (1-28 Hours) 

SV Launch 







































July 1, 1970 
August 17, 1970 
September 30, 1970 
May 5, 1971 

May 14, 1971 

July 29, 1971 
September 1, 1971 
September 17, 1971 
September 21, 1971 
September 29, 1971 
October 1, 1971 
October 5, 1971 
October 6, 197] 
October 15, 1971 
November 8, 197] 































November 16, 197) 
November 18, 1971 
December 8, 1971 
December 13, 1971 
January 27, 1972 
February 9, 1972 
February 22, 1972 
February 23, 1972 
March 2, 1972 
March 20, 1972 
March 30, 1972 
March 31, 1972 
April 14, 1972 
April 16, 1972 
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During the CDDT, the check valve in the LOX recirculation valve actuation 
system was found to be leaking in the reverse direction. Special post 
CDDT tests failed to repeat the failure; however, the valve was replaced. 
Failure analysis found a mark on the vaive seat and the failure was attri- 
buteu to contaimination. 


During the CDDT engine start tank vent valve settling test, venting from 
engine No. 2 helium bottle continued after vent valve closing subsequent 
to the sixth vent cycle. Following extensive special tests at the engine 
contractor facility and on S-II-11, the problem was attributed to 
“stiction" in the bleed regulator of the engine helium regulator. The 
system was determined to be flight worthy. 


3.2.3 S-IVB Prelaunch Problems 


During the CDDT LOX alternate loading tests, the S-IVB LOX fill and drain 
valve closing response times got progressively longer. During the three 
loading tests the valve was cycled three times. An investigation revealed 
that all conditions appeared to be nominal except for the thermal environ- 
ment. This environment was abnormal since this was the first test in 
which LOX was repeatedly drained and replenished. During the CDDT tern- 
inal count the closing response time recovered to a normal value. A 

post CODT ambient leakage test of the pneumatic system showed no abnor- 
mal leakage. Since the valve would not be exposed to a similar thermal 
environment associated with repeated LOX fill and drain during the launch 
countdown, no problems were anticipated or encountered. 


A leak was noted in a facilities line at approximately four hours prior 
to liftoff, while scanning the area with TV. An investigation revealed 
the leak was ir the 3000 psi cold helium facility line, at the union 
fitting closest to Model 433A inlet port. At the time the leak was 
discovered, the cold helium bottles had already been pressurized. The 
line was isolated until approximately 15 minutes prior to launch. 
During post launch inspection, the B-nuts on each side of the union were 
found to be undertorqued. All fittings in the cryogenic lines will be 
retorqued prior to AS-512 CDDT and the torque rechecked during CDDT post 
loading checks. 


3.2.4 IU Stage Prelaunch Problems 


On April i4, 1972, a problem occurred during the Control/EDS Rate Gyro 
Test (CTC4) when the program displayed an Emergency Detection System (EDS) 
interface error. The error was found to be due to a program problem. 

This problem was transferred to programming and dispositioned "Use As 

Is“ for AS-511 and will be corrected for AS-512. 


On April 16, 1972, during a special running of the CTC5, Auxiliary 
Propulsion System (APS) automatic gain test, the group 2 (backup) 
yaw control/EDS rate ayro was torqued at 0.25 degree/second. The 
flight control] computer (FCC) spatial amplifier outputs decreased 
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below the APS threshold and the same time the Control Signal Processor 
(CSP) demodulator output voltage decreased approximately 402 to 0.15 
degree/second, as monitored on measurement R5-602. The problem occurred 
just once, for approximately 1.9 seconds, and could not be duplicated. 
Countdown continued on schedule. 


The most protable cause is considered to be an open circuit condition of 
the Q8 transistor of the CSP. 


If this failure had occurred during flight, the result would have been 
a decrease in rate gyro signals redundancy. This is a backup gyro 

and is used whenever the primary and reference gyro outputs disagree. 
If such a disagreement had occurred in flight and the prelaunch 
eos analysis indicates the vehicle would still be con- 
trol lable. 


3.3 TERMINAL COUNTDOWN 


The AS-511/Apollo 16 terminal countdown was picked up at T-28 hours on 
April 14, 1972, at 22:54:00 EST. Scheduled holds were initiated at T-9 
hours for a duration of 9 hours, and at T-3 hours 30 minutes for a dura- 
tion of one hour. Launch occurred on schedule at 12:54:00 EST on 

April 16, 1972, from pad 39A of the Kennedy Space Center (KSC), Saturn 
Launch Complex. 


3.4 PROPELLANT LOADING 
3.4.1 RP=1 Loading 


The RP-1 system successfully supported countdown and launch without 
incident. Tail Service Mast (TSM) 1-2 fill and replenish was accomplished 
at T-13 hours and S-IC level adjust and fill line inert at T-60 minutes 

as planned. Launch countdown support consumed 213,814 gallons of RP-1. 


The S-IC/RP-1 continuous level probe values did not correlate with the 
Propellant Tanking Computer System (PTCS) readout. This measurement 
provides data for the RP-1 loading/level adjust secondary backup mode 
in the event that both segments of the PTCS should fail. An investiga- 
tion of this problem is underway. 


3.4.2 LOX Loading 


The LOX system supported countdown and launch satisfactorily. The fill 
sequence began with S-IVB fill command at 3:40 EST on April 16, 1972, 
and was completed 2 hours and 33 minutes later with all stage replenish 
normal at 6:13 EST. Replenish was as planned until about T-] hour and 
23 minutes when the S-IC replenish valve stuck closed. At tiis time 
the PTCS was placed in the manual replenish mode and full open to full 
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closed commands applied. On the third cycle the valve responded. Manual 

control for S-IC replenish was then continued through Thermal Conditioning 
System (TCS) start at T-187 seconds. Post launch inspection of the valve 

indicates the probability of a packing leak. A leak check is planned with 
corrective maintenance to follow. 


LOX consumption during launch countdown was 588,000 gallons. 


Launch damage to the LOX loading system was limited to several bro- 

ken cabinet latches; scorched cable identification tags at the 30 

foot level; a damaged gauge and two warped enclosure doors. No internal 
damage was noted as a result of the latter. 


During S-IC fast fill operations at about T-6 hours on April 16, 1972, 
filter A224 began leaking. No corrective action was required or taken 
at that time. A post launch leak check and component disassembly and 
inspection are planned. Corrective action will depend on the results. 


At about T-1 hour, the position indication from the replenish pump bypass 
valve surged to full scale where it remained. Normal valve operation was 
verified by flowrate, line pressure and pump speed. Consequently, no 
corrective action was taken. During post launch inspection it was found 
that the welds holding the valve position potentiometer had failed 
allowing it to become dislocated. The unit will be replaced. An evalua- 
tion to determine if additional bracing is required to prevent problem 
recurrence is also planned. 


3.4.3 LH2 Loading 


The LH2 system successfully supported countdown and launch. The fill 
sequence began with start of S-II loading at 6:29 EST on April 16, 1972, 
and was completed 80 minutes later when all stage replenish was estab- 
lished at 7:49 EST. S-II replenish was automatic until terminated with 
TCS start at T-187 seconds. S-IVB automatic replenish was established 
but switched to manual a short time later due to loading systems probe 
excursions. Manual replenish was continued until TCS start. 


The S-IVB heat exchanger supply valve failed to open during plus time 
drain operations. This problem was first encountered after AS-509 launch 
and repeated after AS-510. All subsequent change requests submitted on 
this problem have been disapproved. No further action is recommended 

for the Apollo Program. The problem has received design corrective action 
for Skylab (SL)-2. 


Near the end of S-IVB Icading on April 16, 1972, liquid air was observed 
falling onto the S-IVB LH2 valve skid. The source of the liquid air 
could not be definitely identified visually, however, temperature data 
indicates that it may have originated around the S-IVB heat exchanger 
vent check valve or vent pipe. In addition, liquid air was visually 
noted to be faliing from the S-II heat exchanger vent flex hose. 
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Liquid air impingement could weaken or cause the failure of system com- 
ponents or structural members not designed to withstand low temperatures. 
Design action may be required to protect sensitive equipment or insulate 
the appropriate heat exchanger elements to prevent problem recurrence. 


At about T-15 hours the S-IVB debris valve failed to respond following 
a system revert command. Relay K335-1 in ML patch distributor 6600 was 
replaced and system operation returned to normal. 


Launch countdown support consumed about 460,000 gallons of LH2. 


Launch damage to the LH2 launch system was not excessive or serious. 
Scorched handles were noted on two regulators; the back was blown out of 
gauge A5292; paint was scorched and blistered on the vent line purge 
panel; cabling on the disconnect mechanism limit switch was scorched; 
three leak detection sensors were dislocated; disconnect mechanism jack 
covers were damaged; vacuum line 402 was scorched; an expansion joint 

was scorched; and an electrical terminal strip on t:e 200 foot level purge 
console was broken. 


3.5 GROUND SUPPORT EQUIPMENT 
3.5.1 Ground/Vehicle Interface 


In general, performance of the ground service systems supporting ali 
stages of the launch vehicle was satisfactory. Overall damage to the 
pad, LUT, and support equipment from blast and flame impingement was 
considered minimal. Detailed discussion of the Ground Support Equipment 
(GSE) is contained in KSC Apollo/Saturn V (AS-511) "Ground Support 
Evaluation Report." 


The PTCS satisfactorily supported countdown and launch operations. 


The ECS performed satisfactorily throughout countdown and launch. Change- 
over from air to GN2 purge occurred 23 minutes before resuming the count 
at T-9 hours. The changeover pressure/flow spike was significantly 
reduced from CDDT results due to procedural changes that reduced flowrates. 
The air to GN2 changeover sequence will be evaluated further to determine 
if a modification is warranted. The S-II Aft-Engine interstage temperature 
did not reach the 200 +15°F requirement during thrust chamber chil!down 
until T-1 minute 40 seconds (specified at T-3 minutes). The temperature 
ramp-up was conmenced 10 minutes before the nominal schedule, however, 

the starting temperature was very low (136°F). This item has been 
experienced during previous thrust chamber chilldowns and had no signi- 
ficant effect on system support. 


The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily 
supported countdown and launch. All Holddown Arms released pneumatically 
within a 12 millisecond period. The retraction and cxplosive release 
lanyard pull was accomplished in advance of ordnance actuation with a 
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4] millisecond margin. Pneumatic release valves |] and 2 opened simul- 
taneously 24 milliseconds after SACS armed signal. The SACS primary 
switches closed within 6 milliseconds of each other at 423 and 417 milli- 
seconds after commit. SACS secondary switches closed simultaneous ly 
1.112 seconds after commit. Fixed hood attach bolts on Holddown Arm 4 
sheared on one side of the arm resulting in severe warping of both fixed 
and movable hoods. 


Overall performance of the Tail Service Masts was satisfactory. Mast 
retraction times were nominal; 2.649 seconds for TSM 1-2, 2.292 seconds 
for TSM 3-2 and 2.505 seconds for TSM 3-4, measured from umbilical plate 
separation to mast retracted. 


The Preflight and Inflight Service Arms (S/A's 1 through 8) supported 
countdown in a satisfactory manner. Performance was nominal during 
terminal count and liftoff. On S/A 1, there is an indication that the 
carrier connected switches are affected by cryogenic conditions. During 
S/A 1 disconnect the elapsed time from the Carrier Retract Command to 
loss of Carrier Connected indication was 35.9 seconds. The elapsed 

time during the Launch Control Room Integration Test was .240 second and 
during S/A OAT was .276 second, both of which were under non-cryogenic 
conditions. The slow switch actuation did not impair system operation. 


K Pepe's MSFC Furnished Ground Support Equipment 


The S-IC Mechanical GSE performance for countdown and launch was 
satisfactory. There was no visible damage to the system and only one 
minor problem was noted. On April 4, 1972, while setting up the S-IC 
pneumatic console He bottle fill module an indication of internal leakage 
was noted. Subsequent trouble-shooting failed to duplicate the problem 
or isolate a faulty component. As a precautionary measure, the reguia- 
tor was replaced and performed satisfactorily throughout countdown and 
launch. 


The S-IC ESE satisfactorily supported countdown and launch. No anomalies 
were noted in any of the ese systems and launch damage was minor. 


All Ground Power and Battery equipment operated satisfactorily from the 
start of precount through launch. Two problems occurred, however, no 
down-time during countdown was attributed to the Ground Power or Battery 
equipment. At T-40 hours the Flight Battery Checkout Console (FBC) power 
supply tripped off. The FB° power supply was being used as the power 
source for S-II flight battery tests at the time it tripped. On all 
previous vehicles external power supply had been used for the heater 
tests. Investigation revealed that an incompatibility existed in using 
the FBC power supply as the power source for S-II flight battery heater 
tests. The flight battery activation procedures are being revised to 
use an external power supply for heater tests. 


t about T-2 seconds the 400 cycle generator dropped off line. Switchover 
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to the 237200 unit prevented the loss of 400 cycle power. Preliminary 
post launch checks revealed no abnormal behavior. Further testing will be 
accomplished when tne Mobile Launcher is returned to the VAB. Recommended 
design action, if any, is pending results of this testing. 


The Hazardous Gas Detection System successfully supported AS-511 count- 

down; support started at 2:24 EST (T-9 hours 30 minutes), and concluded 

at 12:54 EST. System operation was normal throughout the support period 
and no detections were reported. 
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SECTION 4 
TRAJECTORY 


4.1 SUMMARY 


The vehicle was launched on an azimuth 90 degrees east of north. A roll 
maneuver was initiated at 12.7 seconds that placed the vehicle on a flight 
azimuth of 72.034 degrees east of north. The reconstructed trajectory 

was generated by merging the following four trajectory segments: the 
ascent phase, the parking orbit phase, the injection phase, and the early 
translunar orbit phase. The analysis for each phase was conducted 
separately with appropriate end point constraints to provide trajectory 
continuity. Available C-Band radar and Unified S-Band (USB) tracking data 
plus telemetered guidance velocity data were used in the trajectory 
reconstruction. 


The trajectory parameters from launch to Command and Service Module (CSM) 
separation were close to nominal. Earth parking orbit insertion condi- 
tions were achieved 0.72 second later than nominal with altitude nomi- 
nal and velocity 0.2 meter per second greater than nominal. Translunar 
Injection (TLI) conditions were achieved 1.78 seconds earlier than nomi- 
nal with altitude 2.0 kilometers less than nominal and velocity 1.9 
meters per second greater than nominal. The trajectory parameters at 
Command and Service Module (CSM) separation deviated somewhat from 
nominal since the event occurred 38.6 seconds later than predicted. 


4.2 TRAJECTORY EVALUATION 
4.2.1 Ascent Phase 


The ascent phase spans the interval from guidance reference release 
through parking orbit insertion. The ascent trajectory was established 
by using guidance velocity data as generating parameters to fit 
tracking data from five C-Band stations (Merritt Island, Patrick Air 
Force Base, Grand Turk, Bermuda FPQ-6, and Bermuda FPS-16M) and two 
S-Band stations (Merritt Island and Bermuda). Approximately 25 percent 
of the C-Band tracking data and 40 percent of the S-Band tracking 

were eliminated due to inconsistencies. The launch phase portion of 
the ascent phase (liftoff to approximately 20 seconds) was established 
by constraining guidance velocity data to the best estimate trajectory. 


Actual and nominal altitude, surface range, and crossrange for the ascent 


phese are presented in Figure 4-1. Actual ard nominal space-fixed 
velocity and flight path angle during ascent are shown in Figure 4-2. 
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Figure 4-1. Ascent Trajectory Position Comparison 
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Ascent Trajectory Space-Fixed Velocity and Flight 
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Actual and nominal comparisons of ascent accelerations are shown in 
Figure 4-3. The maximum acceleration during S-IC burn was 3.85 g. 


Mach number and dynamic pressure are shown in Figure 4-4. . Differences 
from the nominal values are consistent with previous flight experience. 
These parameters were calculated using meteorological data measured to 
an altitude of 61.0 kilometers (32.9 n mi). Above this altitude, the 

measured data were merged into che U. S. Standard Reference Atmosphere. 


Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-1, 
4-2, and 4-3, respectively. 
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Figure 4-3. Ascent Trajectory Acceleration Comparison 
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Firret Materiin 


Mach | 


Marimum Dynamic Pressure 
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Acceleration, 


S-IV8 First Burn 


S TV® Second Burn 


Maximum Earth -Fixed 
Veloctty: S-1C 


S-1¥8 First Burn 
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Comparison of Significant Trajectory Events 


PARAMETER 


Range Time, sec 


Son-gravitational Acceleration, a/ 


Fonae Time, sec 


Altitude. km 
(nm mi) 


Range time. sec 


Dynamic Fressure, wreme 
(ieee?) 


Altitude, km 
{nm mi} 
Rance Time, sec 
Acceleratian, m/s? 
(ft/s¢) 
(q) 
Range Time. sec 
Acceleration, m/s? 
(ft/s) 
(q) 
Range Time, sec 
Acceleration, m/s. 
(ft/s) 
(9) 
Range Time, sec 
Acceleration, m/s 
(ft/s*) 
(9) 
Range Time, sec 


Velocity, &/$ 
(ft/s) 


Range Time, sec 


Velocity, m/s 
(ft/s) 


Renge Time, sec 


Velocity. m/s 
(ft/s) 


Range Time, sec 


Velocity, m/s 
(ft/s) 


WOTE: Times used sre vehicle times. 
All meximums are at the nearest time potnt evailablie. 
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2 
(Ftse) 
(¢) 


0.3 
10.58 
(34.71) 
(1.0A) 


67.5 
an) 
(4.3) 
66.0 


3.48 
(726.81) 


14.3 
(7.7) 
161.78 
37.70 
(123.69) 
(3.85) 
461.77 
17.08 
($6.04) 
(1.74) 
706.21 
6.58 
(21.59) 
(0.67) 
9,558.42 
13.97 
(45.83) 
(1.42) 
162.5 


2,371.6 
(7,780.8) 


560.0 


6,568.2 
(21,849.2) 


707.0 
7,402.1 
(24,285.1) 
9,559.0 


10,446.) 
(34,272.0) 


7.8 
(4.2) 


81.9 
4a.q4 
(689.22, 
12.7 
(6.9) 
161.26 
37.38 
(122.51) 
(3.81) 
462.10 
17.04 
(55.41) 
(1.74) 
705.49 
6.56 
{21.§2) 
{0.67) 

9 560.20 
13.92 
(45.67) 
(1.82) 
163.3 


2,381.9 
(7,614.6) 


$60.3 


6,572.5 
(21,$63.3) 


706.3 
7,401.7 
(24,283.8) 
9,560.4 


10 ,443.9 


(34,264.8) 
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Table 4-2. Comparison of Cutoff Events 
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Range Tiee, sec a2 10 -0.33 589.23 0.33 
Altitude, tm wid wr. -.3 W7V3 -0.3 
{na ei) (92 @) (93.1) (-0.7) (93.6) (-0.2) 
Spece-fized velocity, @/s 5,596 5 5,605.2 -8.6 6,966.8 6,972.0 -5.2 
(ess) (9A, 361.2) (18,308 .a) 7 (-28.2) (22,857 .0} (22 074.0) (-17.0) 

Tight Path Angle, deg 0 1t9 -0.001 0.420 0.369 0.287 9. 0R2 
peadina Angle, deg 76 $38 79.963 -0 025 82. Ses R2 $85 0.010 
Surfere sbi te 1,097.6 1,100.3 °2.7 1,655.6 1,655.5 0.3 
nm mt) (892.7) ($94.1) (-3.8) (604.1) (693.9) (t.2) 

Cross Senge, te 13.2 13.3 -0.1 27.8 27.0 Oo. 
t ei) (7.1) (7.2) (-0.4) (16.6) (16.6) (0.9) 

Cress Menge Veloctty, a/s 107.6 98.9 tly 179.8 178.3 0.7 
(ft/s! {353.0} (357 9) (-@.3) (507.3) ($85.0) {2.3} 
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Table 4-3. 


Mange 


Birvit cate 


pated rveed welrni tty, wm 8 
{tox 


# tym fete Bnule, deg 
neacing €@oglie, deg 


Surtece ange, 64 
(nm oma) 


Cross Ganye, om 
in ome) 


CTOSS Henge Velacrty, ms 
(ttt 


Geodetr« Latitude, dea Wi 


Longitude, deg t 


Range VYime, ver 


Altitude, em 
(an wi) 


Space-fixed Velocity, mss 
(ft/s) 


Flight Feth Angte, deq 
Heading Angle, deq 


Surface Range, im 
(nmi) 


Cross Renee, tm 
{a mt) 


Cross Range velocity, m/s 
(ft/s) 


Geodetic tattitude, deq & 


Longitude, deq £ 


Comparison of Separation Events 


Ce ARCS 


(7? ,R6R8_4@) {22 ,@A?.5)} 
0.360 0.277 
Ae 630 Re .625 


1,661.9 t.661.9 
(97,8) (89748) 


27.1 27,2 
(14.6) (18.7) 


17¢,@ 1786.8 
(SA8.6) (56.6) 


31,989 31.9468 
~63. 746 -63.745 





Range Tiee, sec 


Altitede, te 
{a at) 


Spece-Fixed Velocity, a/s 
(ft7s} 


Flight Path Angie, deg 
Meadiag Angie, deg 
Geodetic Letitede, deg & 
Longitede, deg € 


31,099.90 11,060.4 
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(3,870.4) (3,762.0) 


7,624.5 
(25,014.8) 


aia} 
43.997 46.995 
69.807 69.452 
26.190 25.840 
-136,$63 -135.21) 


NOTE: Times used are vehicle times. 


4-6 


200.7 
(108.4) 


~58.0 
(-190.3) 


0.402 
0.385 
©.260 
0.648 

















i 
‘vba BE a ALB cca ee UR ce AfHar “25 Seen a naa telat TOUAWAL comb» eae fe coarser cag a tasect vel at tae seEH TOL a Kemtyyy eis 9 Saige 2k Ae 
AC GSES TEEN SRR 8, J SGA NG SEER RA ete a a aeambi og et oh Se RR SAIN Ee ANNES I ASSOC 





4. 
ACTUAL 
MONTNAL 
3. MACH I 
Ow encee DYNARIC 
PRESSURE 
3. 


eRe eae 
cet SSS CSREES 
f} | | | IAT |scn wonsee| 4 


MACH NUMBER 


DYNAMIC PRESSURE, N/cm? 





ant 
r 
oe 
os 
al 
i-] 
ee 


60 120 
RANGE TIRE, SECONDS 


Figure 4-4. Dynamic Pressure and Mach Number Comparison 


4.2.2 Parking Orbit Phase 


Orbital tracking was conducted by the NASA Manned Space Flight Network. 
Four C-Band stations (Merritt Island, two Bermuda radars and Carnarvon) 
provided seven data passes. Four S-Band stations (Honeysuckle, Bermuda, 
Texas, and Merritt Island) furnished four additional tracking passes. 


The parking orbit trajectory was obtained by integrating a comprehensive 
orbit model with corrected insertion conditions forward to the initiation 
of S-IVB restart preparation (Tg) at 8,638.6 seconds (2:23:58.6). The 
final insertion conditions were obtained through a differential cor- 
rection procedure in the Orbital] Correction Program (OCP) which adjusted 
the preliminary estimate of insertion conditions to final values in 
accordance with relative weights assigned to the tracking data. The 
orbital venting acceleration model was derived from telemetered guidance 
velocity data generated by the ST-1244 guidance platform. 


A comparison of actual and noainal parking orbit insertion parameters 
is presented in Table 4-4. The groundtrack from insertion to S-IVB/CSM 
separation is given in Figure 4-5. 
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Table 4-4, Parking Orbit Insertion Conditions 


PARAMETER ACTUAL NOMINAL ACT- NOM 


Range Time, sec 716.2) 715.49 


Altitude, km 172.9 172.9 
(n mi) (93.4) (93.4) 


Space-Fixed Velocity, m/s 7,804.4 7,804.2 0.2 
(ft/s) (25 605.0) (25,604, 3) (0.7) 


Flight Path fngle, deg 0.003 0.000 0.003 


Heading Angle, deg 83.940 88,907 0.033 


Inclination, deg 32.540 32.542 -0.002 
Descending Node, deg 123.107 123.138 -0.031 
Eccentricity 0.0001 0.0000 0.0001 


Apogee*, km 168.0 167.1 
(n mi) (90.7) (90.2) 


Perigee*, km 166.6 166.7 
(n mi) (90.0) (90.0) 


Period, min 87.84 87.83 
Geodetic Latitude, deg N 32.695 32.696 
Longitude, deg € -52.530 -52.558 


NOTE: Times used are vehicle times. 
“Based on a spherical earth of radius 6,378.165 km (3,483.934 n mi). 
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Figure 4-5. Launch Vehicle Groundtrack 
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4.2.3 Injection Phase 


The injection phase spans the interval from Tg to TLI and was established 
in two parts (the initiation of S-IVB restart preparation Tg to 9,150 
seconds and 9,150 seconds to TLI). The first part was obtained by 
fitting Carnarvon C-Band tracking data available prior to S-IVB restart. 
The second part was obtained by integrating a state vector taken from 

the first part at 9,150 seconds (2:32:30) through second burn and con- 
straining the integration to a final TLI state vector taken from the 
early translunar orbit trajectory. Telemetered guidance velocity data 
were used as generating parameters for both parts. 


Comparisons between the actual and nominal space-fixed velocity and flight 
path angle are shown in Figure 4-6. The actual and nominal injection 
phase acceleration comparisons are presented in Figure 4-7. The actual 
and nominal targeting parameters at S-IVB second guidance cutoff are 
presented in Table 4-2. 
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Figure 4-6. Injection Phase Space-Fixed Velocity and Flight Path Angle 
Comparisons 
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Fiqure 4-7. Injection Phase Acceleration Comparison 


4.2.4 Early Translunar Orbit Phase 


The early translunar orbit trajectory spans the interval from translunar 
injection to S-IVB/CSM separation. Tracking data from one C-Band station 
(Merritt Island) and two S-Band stations (Hawaii and Goldstone Wing) were. 
utilized in the reconstruction of this trajectory segment. Telemetered 
guidance velocity data were used to derive non-gravitational accelera- 
tions during this phase. The ear'y translunar orbit trajectory was 
reconstructed by the method as outlined in paragraph 4.2.2. The actual 
and nominal translunar injection conditions are compared in Table 4-5. 

The S-IVB/CSM separation conditions are precented in Table 4-3. 
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Table 4-5. Translunar Injection Conditions 


Range Time, sec 9,568.42 9,570.29 -1.78 


Altitude, km 317.0 319.0 -2.0 
(n mi) (172.2) ' (172.2) (-1.0) 


Space-Fixed Velocity, m/s 10 ,840.4 10 ,838.5 1.9 
(ft/s) (35,565.6) (35 559.4) (6.2) 


Flight Path Angle, deg 7. 466 7.615 -0.149 


Heading Angle, deg 59.524 59.451 0.073 
Inclination, deg 32.572 32.519 -0.007 


Descending Node, deg 122. 465 122.456 0.009 
Eccentricity 0.9740 0.9740 0.0000 


Cy. m2 752 -1,574,297 -1,578,558 4,261 
(#t2/s2) (-16,945,592) (-16,991,457) (45,865) 





NOTE: Times used are vehicle times. 
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SECTION 5 
S-1C PROPULSION 


5.1 SUMMARY 


All S-IC propulsion systems performed satisfactorily. In all cases, the 
propulsion performance was very close to the predicted nominal. Overall 


stage site thrust was 0.05 percent higher than predicted. Total propellant 


consumption rate was 0.36 percent lower than predicted and the total 
consumed mixture ratio was 0.40 percent higher than predicted. Specific 
impulse was 0.41 percent higher than predicted. Total propellant con- 
sumption from Holddown Arm THD) release to Outboard Engines Cutoff (0ECO) 
was low by 0.51 percent. 


Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU) at 
137.85 seconds range time, 0.11 second earlier than planned. Outboard 
Engine Cutoff (OECO) was initiated by the LOX low level sensors at 161.78 
seconds, 0.31 seconds earlier than predicted. This is well within the 
+4.60, -3.60 second 3-sigma limits. At OECO, the LOX residual was 34,028 
Ibm compared to the predicted 36,283 Ibm and the fuel residual was 31,601 
lbm compared to the predicted 28,248 Ibm. 


The S-IC hydraulic system performed satisfactorily. 
5.2 S-IC IGNITION TRANSIENT PERFORMANCE 


The fuel pump inlet preignition pressure of 45.9 psia was within the F-1 
engine acceptable starting region of 43.3 to 110 psia. 


The LOX pump iniet preignition pressure and temperature were 80.9 psia 
and -285.8°F and were within F-1 engine acceptable starting region, as 
shown by Figure 5-1. 


The planned 1-2-2 start was attained. Engine position starting order 
was 5, 3-1, and 4-2. By definition, two engines are considered to start 
together if their thrust chamber pressures reach 100 psig in a 100- 
millisecond time period. The time difference to reach 100 psig thrust 
chamber pressure was approximately 18 milliseconds for engines 3 and 1, 
and 57 milliseconds for engines 4 and 2, both well within the 100 milli- 
second planned sequence. 


Although within specifications, the start times as measured from engine 
control valve open signal to 100-psig chamber pressure, was faster than 
predicted for all engines. Table 5-1 shows actual and predicted times to 
100 psig chamber pressure corrected to nominal prestart conditions. The 
programmed time for engine control valve open signal is calculated for 
each F-1 engine to minimize start sequence dispersions and is historically 
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Figure 5-1. S-IC LOX Start Box Requirements 







based on static test hardwire data since this has been the most consistent 
base for making the calculations. As experienced on static tests of 
previous stages, there was a difference between the hardwire data and 
telemetry data taken during the static test. The actual engine start 
times, for this flight, agree more closely with the static test telemetry 
data than the hardwire data. Thus, it appears that the hardwire data 

and the resulting control valve open signal programmed times were biased 
and resulted in faster starts. Although the AS-511 difference was greater 
than seen on previous flights, no concern is apparent since the desired 
staggered start sequence was attained and the vehicle dynamics at lift-off 
were well within previous flight bands. 


Table 5-1. F-1 Engine Systems Buildup and Start Times 
BUILDUP TIME, SECONDS 


Actual* 
Difference 
Direction 





*Time from 4-way contro] valve open signal to 100 psig thrust chamber pressure 
All times corrected to nominal prestart conditions 


oF 


LOX PUMP INLET TEMPERATURE, 








Thrust buildup rates were as expected, as shown in Figure 5-2. The shift 
in thrust buildup near the 1100 K1bf level on the outboard engines is 
attributed to ingestion of helium from the LOX prevalves during startup 
and is a normal occurrence. The thrust shift is absent on the inboard 
engine (engine 5) because the POGO suppression helium injection system 

is not used on this engine. 
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‘ Figure 5-2. S-IC Engines Thrust Buildup 


The engine ignition transient Main Oxidizer Valve (MOV), Main Fuel Valve 
(MFV), and Gas Generator (GG) ball valve opening times were nominal. 


The reconstructed propellant consumption during holddown (from ignition 
command to holddown arm release) was 82,229 Ibm LOX (66,900 Ibm predicted) 
and 25,431 Ibm fuel (18,888 Ibm predicted). This is greater than experi- 
enced on previous flights and was due to the faster engine start and 
longer burn before holddown release. The reconstructed propellant 

load at holddown arm release was 3,228,997 Ibm LOX (3,243,506 predicted) 
and 1,414,463 Ibm fuel (1,422,121 lbm predicted). 


50 S-IC MAINSTAGE PERFORMANCE 


S-IC stage propulsion performance was satisfactory. Stage thrust, speci- 
fic impulce, mixture ratio, and propellant flowrate were near nominal 
predictions as shown in Figure 5-3. The stage site thrust (averaged 

from time zero to OECO) was 0.05 percent higher than predicted. Total 
propellant consumption rate was 0.36 percent lower than predicted and the 
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total consumed mixture ratio was 0.40 percent higher than predicted. The 
specific impulse was 0.41] percent higher than predicted. Total pro- 
pellant consumption from HDA release to OECO was low by 0.51 percent. 


For comparison of F-1 engine flight performance with predicted performance, 
the flight performance has been analytically reduced to standard condi- 
tions and compared to the predicted performance which i. based on ground 
firings and also reduced to standard conditions. These comparisons are 
shown in Table 5-2 tor the 35 to 38-second time slice. The largest thrust 
deviation from .ne predicted value was 10 Kibf for engine 1. Engines 

3, 4 and 5 had lower thrusts than predicted by 5, 1, and 8 Kibf, 
respectively. Engine 2 thrust was higher than predicted by 3 Kibf. 

Total stage thrust was 1 Klbf lower than predicted for an average of 

-0.2 Kibf/engine. These performance values are derived from a reconstruc- 
tion math model that uses a chamber pressure and pump speed match. 


Table 5-2, S-IC Individual Standard Sea Level E:gine Performance 


LOK/Fuel 


NOTE: Performance levels were reduced to standard sea level and 
pump inlet conditions. Oats were taken from the 3S to 
38-second time slice. 





5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE 


The F-1 engine thrust decay transient was normal. Thrust decay of the 
F-1 engines is shown in Figure 5-4. The cutoff impulse, measured from 
cutoff signal to zero thrust, was 775,690 lbf-s for the center engine 
(10.9 percent greater than predicted) and 2,700,932 lbf-s for all outboard 
engines (2.6 percent less than predicted). The total stage cutoff impulse 
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Figure 5-4. F-1 Engine Thrust Decay 
of 3,476,622 lbf-s was 0.14 percent greater than predicted. 


Center engine cutoff, initiated by a signal from the IU at 137.85 seconds, 
was 0.11 second earlier than planned. Outboard eng.ne cutoff, initiated 
by a signal from the LOX low level sensors at 161.78 seconds, was 0.31 
second earlier than the nominal predicted time. Most of the OECO devia- 
tion, which was small when compared to the 3-sigma limits of +4.60, -3.60 
seconds, can be attributed to higher than predicted bulk fuel temperature. 


Stage tailoff thrust from 162.5 seconds until zero thrust is compared 
to the predicted +3-sigma maximum tailoff thrust in Figure 5-5. Data 
were averaged over 110 millisecond time slices and the curve was fitted 
through these points. The curve was interpolated through noise caused 
by retromotor burn, and extrapolated to zero thrust from approximately 
167 seconds. 


5:5 S-IC STAGE PROPELLANT MANAGEMENT 


The S-IC stage does not have an active propellant utilization system. 
Minimum residuals are obtained by attempting to load the mixture ratio 
expected to be consumed by the engines plus the predicted unusable 
residuals. An analysis of the usable residuals experienced duri”g a 
flight is a good measure of “he performance of the passive prope! lant 
utilization system. 


The residual LOX at OECO was 34,028 Ibm compared to the predicted value 
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Figure 5-5. S-IC Thrust Decay 


of 26,283 Ibm. The fuel residual at OECO was 31,601 %bm compared to the 
predicted vaiue of 28,248 Ibm. A summary of the propellants - emaining 
at major event times is presented in Table 5-3. 


5.6 S-IC PRESSURIZATION SYSTEMS 
5.6.1 S-IC Fuel Pressurization System 


The fuel tank pressurization system performed satisfactorily, keeping 
sllage pressure within acceptable limits during flight. Helium Flow Con- 
trol Valves (HFCV) No. 7 through 4 cpened as planned and HFCV No. 5 was 
noc required. 


The low flow prepressurization system was commanded on at -97.0 seconds. 
The low flow system was cycled on a second time at -3.0 seconds. High 
flow pressurization, accomplished by the onboard pressurization system, 
performed as expected. HFCV 1 was commanded on at -2.7 seconds and was 
supplemented by the ground high flow prepressurization system until 
umbilical disconnect. 


Fuel tank ullage pressure was within the predicted limits throughout 
fiight as shown by Figure 5-6. HFCV's 2, 3 and 4 were commanded open 
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Table 5-3. S-IC Propellant Mass History 


LEVEL SENSOR 
Se L°M DATA, LBM RECONSTRUCTED, LBM 


1,441,009 | ----- 1,440,846 | 3,311,226 1,439 ,894 
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Figure 5-6. S-IC Fuel Tank Ullage Pressure 





during flight by the switch selector within acceptable limits. Helium 
bottle pressure was 2907 psia at -2.8 seconds and decayed to 425 psia at 
OECO. Total helium flowrate was as expected. 


Fuel pump inlet pressure was maintained above the required minimum Net 
Positive Suction Pressure (NPSP) during flight. 


5.6.2 S-IC LOX Pressurization System 


The LOX pressurization system performed satisfactorily and all performance 
requirements were met. The ground prepressurization system maintained 
ullage pressure within acceptable limits until launch commit. The onboard 
pressurization system performed satisfactorily during flight. 


The prepressurization system was initiated at -72.0 seconds. Ullage 
pressure increased to the prepressurization switch band and flow was 
terminated at -55.8 seconds. The low flow system was cycled on three 
additional times at -42.0, -21.0, and -5.3 seconds. At -4.7 seconds, the 
high flow system was commanded on and maintained ullage pressure within 
acceptable limits until launch commit. 


Ullage pressure was within the predicted limits throughout flight as 
shown in Figure 5-7. GOX flowrate to the tank was as expected. The 
maximum GOX flowrate after the initial transient was 46.4 Ibm/s at CECO. 
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Figure 5-7. S-IC LOX Tank Ullage Pressure 
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The LOX pump inlet pressure met the minimum NPSP requirement throughout 
flight. 


5.4 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM 


The control pressure system functionea satisfactorily throughout the S-IC 
flight. 


Sphere pressure was 2946 psia at liftoff and remained steady until CECO 
when it decreased to 2840 psia. The decrease was due to center engine pre- 
valve actuation. There was a further decrease to 2472 psia after OECO. 
Pressure regulator performance was within limits. 


The engine prevalves were closed after CECO and OECO as required. 
5.8 S-IC PURGE SYSTEMS 
Performance of the purge systems was satisfactory during flight. 


The turbopump LOX seal storage sphere pressure of 2940 psia at liftoff 
was within the preignition iimits of 2700 to 3300 psia. Pressure was 
within the predicted envelope throughout flight and was 2640 psia at OECO. 


The pressure regulator performance throughout the flight was within the 
85 +10 psig limits. 


5.9 S-IC POGO SUPPRESSION SYSTEM 
The POGO suppression system performed satisfactorily during S-IC flight. 


Outboard LOX prevalve temperature measurements indicated that the prevalve 
cavities were filled with gas prior to liftoff as planned. The four 
resistance thermometers behaved during the AS-511 flight similarly to the 4 
flights of AS-510 and AS-509. The temperature measurements in the outboard : 
LOX prevalve cavities remained warm (off scale high) throughout flight, 
indicating helium remained in the prevalves as planned. The two thermometers 
in the center engine prevalve were cold, indicating LOX in this valve 

as planned. The pressure and flowrate in the system were nominal. 
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5.10 S-IC HYDRAULIC SYSTEM 


The performance of the S-IC hydraulic system was satisfactory. All servo- 
actuatcr supply pressures were within required limits. 


Engine control system return pressures were within predicted limits and 
the engine hydrauiic control system valves operated as planned. 
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SECTION 6 
S-II PROPULSION 


6.1 SUMMARY 


The S-II Propulsion systems performed satisfactorily throughout the 
flight. The S-II Engine Start Command (ESC), as sensed at the engines, 
occurred at 164.2 seconds. Center Engine Cutoff (CECO) was initiated 

by the Instrument Unit (IU) at 461.77 seconds as planned. Outboard 
Engine Cutoff (CECO), initiated by LOX depletion ECO sensors, occurred 
at 559.54 seconds giving an outboard engine operating time of 395.34 
seconds or 0.63 seconds longer than predicted. The later than predicted 
S-II OECO was a result of an earlier than predicted Engine Mixture Ratio 
(EMR) shift and lower than planned EMR after the step. 


Engine mainstage performance was satisfactory throughout flight. The 
total stage thrust at the standard time slice (61 seconds after S-II 
ESC) was 0.04 percent above predicted. Total propellant flowrate, 
including pressurization flow, was 0.01 percent below predicted, and 

the stage specific impulse was 0.07 percent above predicted at the stan- 
dard time slice. Stage propellant mixture ratio was 0.36 percent below 
predicted. Engine thrust buildup and cutoff transients were within the 
predicted envelopes. 


During the S-II engine start transient, an unusually large amount of 
helium was expended from the engine 4 helium tank. The most probable 
cause of the anomaly is slow closing of the engine purge control valve 
allowing excessive helium to be vented overboard. Tests, analysis, 

and examination of valves from service are being conducted to determine 
the cause and solutions for engines on subsequent stages. 


Performance of the center engine LOX feedline accumulator system for 
POGO suppression was satisfactory. The accumulator bleed and fill 
subsystems operations were within predictions. 


The propellant management system performance was satisfactory throughout 
loading and flight, and all parameters were within expected limits. 
Propellant residuals at OECO were 4105 Ibm LOX, 1 Ibm more than pre- 
dicted and 2612 Ibm LH2, 239 Ibm less than predicted. Control of eng- 
ine mixture ratio was accomplished with the two-position pneumatically 
operated Mixture Ratio Control Valves (MRCV). The low EMR step occurred 
2.0 seconds earlier, relative to ESC, than predicted. 


The performance of the LOX and LH2 tank pressurization systems was 
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satisfactory. This was the second stage to utilize pressurization 
orifices in place of regulators to control inflight pressurization of 
the propellant tanks. Ullage pressure in both tanks was adequate to 
meet or exceed engine inlet Net Positive Suction Pressure (NPSP) 
minimum requirements throughout mainstage. 


The engine servicing, recirculation, helium injection, and valve actua- 
tion systems performed satisfactorily. 


S-II hydraulic system performance was normal throughout the flight. 
6.2 S-II CHILLOOWN AND BUILDUP TRANSIENT PERFORMANCE 


The engine servicing operations required to condition the engines prior 
to S-II engine start were satisfactorily accomplished. Thrust chamber 
jacket temperatures were within predicted limits at both prelaunch 

and S-II ESC. Thrust chamber chilldown requirements are -200°F maxi- 
mum at prelaunch commit and -150°F maximum at engine start. Thrust 
chamber temperatures ranged between -281 and -258°F at prelauncn com- 
mit and between -23] and -198°F at ESC. Thrust chamber temperature 
warmup rates during S-IC boost agreed closely with those experienced 

on previous flights. 


Start tank system performance was satisfactory. Both temperature and 
pressure conditions of the engine start tanks were within the required 
prelaunch and engine start boxes as shown in Figure 6-1. Start tank 
temperature and pressure heat-up rates were normal and no indication of 
start tank relief valve operation was noted curing prelaunch and S-IC boost. 


During launch operations, all engine helium tank pressures were within 
the prelaunch and engine start limits of 2800 to 3450 psia. Engine 
helium tank pressures ranged between 3050 and 3200 psia at prelaunch 
commit and between 3190 and 3340 psia at S-II ESC. 


Engine number 4 helium consumption during engine start operations was 
larger than expected. Nominal helium pressure drop during start is 
approximately 400 psi. Engine number 4 experienced an 890 psi pressure 
drop lasting over a perioc of approximately 10 seconds, as shown in 
Figure 6-2; eight seconds longer duration and 490 psi greater pressure 
drop than expected. 


Prio: to Mainstage Command, the helium tank pressure decay rates of 

all engines were essentially as expected. After Mainstage Conmand, 

the pressure decay rate of engine 4 did not decrease to the normal rate 
during start sequence (approximately two psi/sec) but decreased to 

73 psi/sec for 7.8 seconds before changing abruptly to the mainstage 
rate. At this time, the helium tank pressure of 2406 psia was still 
adequate for engine propellant valve sequencing and engine thrust 
during buildup, mainstage and cutoff was nominal. If the decay rate 
had continued at 73 psi/sec, the heliun pressure would have dropped 
below that required to hold the engine prepellant valves open and 
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Figure 6-1. S-II Engine Start Tank Performance 
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Figure 6-2. S-II Engine Helium Tank Pressures 


engine shutdown would have occurred at approximately 40 seconds after ESC. 
Such a premature engine shutdown would have resulted in primary mission 
loss, since ail outboard engines are required for 184 seconds. 


The most probable cause of the excessive helium venting is slow closing 
of the engine 4 purge control valve (Figure 6-3). The engine purge con- 
tro] valve provides helium from the engine helium tank to purge the oxi- 
dizer dome and the gas generator oxidizer injector. The purge valve nor- 
mally closes at Mainstage Command to terminate the purge. Slow closing 
of the valve allows excessive helium to be vented overboard while the valve 
is in the mid-position, thus causing a larger than normal pressure decay 
following Mainstage Command as shown in Figure 6-2. This large pressure 
decay following mainstage command in conjunction with the normal sequenc-~- 
ing of the propellant valves and the inability of a number of the pneu- 
matic system components to flow the quantity of helium involved isolates 
the cause of the high usage to the engine purge control valve. 


A similar occurrence on flight AS-501 was attributed to slow closing of 
the engine purge contro] valve due to contamination, and a filter was 
added in the J-2 system at the purge contre] valve inlet prior to the 
AS-502 flight. The high helium consumption rates on AS-501 and AS-511 
flights are the only two observed in the J-2 program; none have been 
observed in acceptance or R&D testing (approximately 4500 ground tests). 
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S-I1 J-2 Engine Schematic 


Figure 6-3. 
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During the AS-511 prelaunch operations at KSC, two failed components in 
the S-II helium system were replaced and subsequent failure analysis 
assigned the most probable cause to be contamination. .The replaced com- 
ponents were: (1) Engine No. 2 Helium Regulator Assembly and (2) LOX 
Recirculation Check Valve (helium actuated). 


This history of satisfactory operation of the purge control va .2 in ground 
test and flight combined with the evidence of other failures in the helium 
system because of contamination leads to the hypothesis that the most 
probable cause of the AS-51] engine purge valve anomaly was contamination, 
perhaps in conjunction with thermal and/or vibration environments. In 

thet two failures of this type have occurred in 66 flight cases and no 
failures have occurred in the approximateiy 4500 ground tests, the evidence 
suggests that the flight failure rate is peculiar to the Launch Complex 

39 and/or the stacked configuration. 


Corrective actions are in process effective with AS-512, for S-II and 
S-IVB stage J-2 engines, to reduce the probability of leakage and to 

. limit the impact of a leak if it should occur. Existing purge control 
valve assemblies will be replaced with assemblies that are modified as 
fol lows: 


a. Increase the deactivation setting to reduce the effect of blockage 
of the contro? pressure line, combined with vibration, 


b. Restrict the Purge Control Valve vent area by adding an orifice at 
valve outlet to limit the leakage to an acceptable level in the 
event it should recur. 


Cc. Add a check valve for additional protection against oxidizer back- 
flow into the helium system in order to retain the degree of redun- 
dancy lost in this mode by orificing of the Purge Control Valve 
Vent. These configuration changes are shown schematically in 
Figure 6-3a. 


The LOX and LH2 recirculation systems used to chill the feed ducts, 
turbopumps, and other engine components performed satisfactorily during 
prelaunch and S-IC boost. Engine pump inlet temperatures and pressures 

at S-II ESC were well within the requirements as shown in Figure 6-4. The 
LOX pump discharge temperatures at S-II ESC were approximately 14.0°F 
subcooled, “well below the 3°F subcooling requirement. 


Again as on AS-510, the deletion of the S-II ullage motors did not 
adversely affect the recirculation system. The characteristic rise 
of the LOX pump discharge temperature between S-IC OECO and S-II ESC 
was approximately 1.5°F, similar to that experienced on stages with 
ullage motors installed. 
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Figure 6-3a. J-2 Engine Configuration Changes 


Prepressurization of the propellant tanks was accomplished satisfactorily. 


Tank ullage pressures at S-II ESC were 41.0 psia for LOX and 29.0 psia 
for LH2, well above the minimum requirement of 33.0 and 27.0 psia, 
respectively. 


S-II ESC was received at 164.20 seconds and the Start Tank Discharge 
Valve (STDV) solenoid activation signal occurred 1.0 second later. The 
engine thrust buildup was satisfactory and well within the predicted 
thrust buildup envelope as shown in Figure 6-5. All engines reached 
90 percent thrust within 3.24 seconds after S-II ESC. 


6.3 S-IIT MAINSTAGE PERFORMANCE 


The propuision reconstruction analysis showed that stage site performance 
during mainstage operation was satisfactory. A comparison of predicted 
and reconstructed performance of thrust, specific impulse, total flow- 
rate, and mixture ratio versus time is shown in Figure 6-6. Stage per- 
formance during the high EMR portion of flight (prior to CECO) was 

very close to predicted. At the time of ESC +61] seconds, total 

stage thrust was 1,163,547 lbf which was 473 Ibf (0.04 percent) above 
the preflight prediction. Total propellant flowrate including pres- 
surization flow, was 2755.5 Ibm/s, 0.01 percent below predicted. Stage 
specific impulse, including the effect of pressurization gas flowrate, 
was 422.3 lbf-s/lbm, 0.07 percent above preaicted. The stage propellant 
mixture ratio was 0.36 percent below predicted. 


Center Engine Cutoff was initiated at ESC +297.57 seconds as planned. 
This action reduced total stage thrust by 236,071 Ibf to a level of 
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Figure 6-4. 
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Figure 6-5. S-II Single Engine Thrust Buildup Characteristics 


923,267 Ibf. The EMR shift from high to low occurred 330.3 seconds 
after ESC and the reduction in stage thrust occurred as expected. At 
ESC +35: seconds, the total stage thrust was 787,380 Ibf; thus, a 
decrease in thrust of 135,266 Ilbf was indicated between high and low 
EMR operation. S-II burn duration was 395.34 seconds, which was 

0.63 seconds longer than predicted. 


Individual J-2 engine data are presented in Table 6-1 for the ESC +61 
second time slice. Good correlation exists between predicted and 
reconstructed flight performance. The performance levels shown in 
Table 6-1 have not been adjusted to standard J-2 altitude conditions 
and do not include the effects of pressurization flow. 


6.4 S-I 1 SHUTDOWN TRANSIENT PERFORMANCE 


S-II OECO was initiated by the stage LOX depletion cutoff system as 
planned. The LOX depletion cutoff system again included a 1.5 second 
delay timer. As in previous flights (AS-504 and subsequent), this 
resulted in engine thrust decay (observed as a drco in thrust chamber 
pressure) prior to receipt of the cutoff signal. The pre-cutoff decay 
was less than that observed on AS-510 due to lower engine thrust and 
EMR levels at OECO. 
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Table 6-1. S-II Engine Performance 


PERCENT PERCENT 
RECONSTRUCT ION INDIVIDUAL STAGE 
PARAMETER ENGINE | PREDICTED ANALYSIS DEVIATION DEVIATION 


THRUST, lbf 232,485 232,451 
231,778 231,549 
232 427 232,580 
232.195 231,445 
234,190 235,509 


424.9 
423.1 
424.2 
424.4 
424.5 


Bw Nh — 


SPECIFIC IMPULSE, Ibf-s/lom 


On & Wh — 


$47.15 
547.81 
547.92 
547.97 
551.66 


ENGINE FLOWRATE, lbm/s 


mewn — 


§.608 
5.595 
§ .582 
5.576 
5.551 


ENGINE MIXTURE RATIO, 


| LOX/LH, 
| Note: Performance values at ESC + 6] seconds. Values are site conditions and do not include 
| effect cf pressurization flow. 


The outioard engine thrust decay performance was within the predicted 
band as shown in Figure 6-7. First indications of thrust decay were 
noted 0.60 seconds prior to cutoff signal on engine 2. On previous 
vehicles, engine 1 has led the performance degradation. In order of 
engine position, thrust decay began at 0.59, 0.60, 0.45, and 0.40 
seconds prior to cutorf signal and corresponding chamber pressure decays 
were 140, 160, 130 and 120 psi. 


QOmwh— 








At S-II OECO total thrust was down to 637,450 Ibf. Stage thrust dropped 
to five percent of this level within 0.4 second. The stage cutoff 
impulse through the five percent thrust level is estimated to be 

142,360 lbf-s. 


6.5 S-I! STAGE PROPELLANT MANAGEMENT 


Flight and ground loading perfcrmance of the propellant management sys- 
tem was nominal and all parameters were within expected limits. 


The Propellant Tanking Computer System (PTCS) and the stage propellant 
management system properly controlled S-II loading and replenishment. 
The newly added loading and overfill point sensors (LOX and LH?) on 
the S-II stage and the point <ensor percent wet indication system on 
the PTCS consoles all functioned properly. The over-fill point sensor 
percent wet indications were il] within the rediines at the -187 
second commit point. 


The LOX depletion ECO sensor No. 4 indicated open for two minutes 20 
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Figure 6-7. S-II J-2 Outboard Engine Thrust Decay 
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seconds during the early phases of LOX loading which is similar to past 
occurrences on S-II-11 and other stages. This phenomenon is attri- 
buted to a thermal prob’em in the LOX tank feed-through electrical 
connectors. The occurrence is not considered a problem since three or 
more sensors have to be open before mission rules are violated. 


Open-loop control of EMR during flight was successfully accomplished 
through use of the engine two-position pneumatically operated Mixture 
Ratio Control Valves (MRCV). At ESC, helium pressure drove the valves 
to the engine start position corresponding to the 4.8 EMR. The high EMR 
(5.5) command was received at ESC +5.5 seconds as expected, providing 

a nominal high EMR of 5.5 for the first phase of the Programmed Mixture 
Ratio (PMR) 


The low EMR step occurred at ESC +330.3 seconds, which is 2.0 seconds 
earlier than predicted. This time difference is most likely caused by 
engine performance deviations, IU computational cycle and slight under- 
loading of propellants on the S-II and S-IVB stages. The average EMR 
at the low step was 4.75 as compared to a predicted 4.78. This lower 
than planned EMR is well within the two sigma +0.06 mixture ratio 
tolerance. 


Outboard Engine Cutoff (0ECO) was initiated by the LOX depletion ECO 
sensors at ESC +395.34 seconds compared to the planned ESC +394.71 
seconds. Based on point sensor and flowweter data, propellant residuals 
(mass in tanks) at OECO were 1405 Ibm '0X and 2612 Ibm LH2 versus 1404 
Tbr: LOX and 2851 Ibm LH2 predicted. The tate OECO and low LH2 residuals 
were primarily due to the early low EMR step and lower than planned 

EMR after the step. The open-loop PU error at OECO was -239 Ibm LH? 
which is well within the estimated three sigma dispersion of +2500 

Tbm LH2. 


Table 6-2 presents a comparison of propellant masses as measured by the 
PU probes and engine flowmeters. The best estimate propellant mass is 
based on integration of flowmeter data utilizing the propellant residuals 
determined from point sensor data. The full load mass values were %.!23 
percent less than predicted for LOX and 0.06 percent greater than pre- 
dicted for LH2. 


€.6 S-II PRESSURIZATION SYSTEM 
6.6.1 S-II Fuel Pressurization System 


LH2 tank ullage pressure, actual and predicted, is presented in Figure 
6-8 for autosequence, S-1C boost, and S-II boost. The LH2 vent valves 
were closed at -93.4 seconds and the ullage volume pressurized to 35.8 
psia in 17.6 seconds. One make-up cycle was required at approximately 
-41.0 seconds and the ullage pressure was increased from 34.7 psia to 
35.6 psia. Ullage pressure decayed to 35.0 psia at S-IC ESC at which 
time the pressure decay rate increased for about 20 seconds. The 
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Table 6-2. AS-511 Flight S-II Propellant Mass History 


PU SYSTEM ENGINE FLOWMETER INTEGRA 
ANALYSIS, LBM* TION (BEST ESTIMATE), LBM 
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845 ,613 





















S-11 ESC 841,918 


































S-I] PU VALVE 
STEP COMMAND 


2 PERCENT 
POINT SENSOR 


S-I1 O€CO 







94,670 22,516 99 ,986 23,497 100, 376 23,639 


















16,489 4,338 4,199 17,803 


2,851 


17,899 















DATA NOT 
USABLE 


1,404 2,425 1,405 
















S-I] RESIDUAL 
AFTER THRUST 
DECAY 




















DATA NOT 
USABLE 


DATA NOT 


USABLE 1,196 


1,193 2,730 








NOTE: Table is based on mass in tanks and sump only. Propellant trapped external 
to tanks and LOX sump is not included. PU data are not corrected for 
tank/probe mismatch. 






*Liftoff data based on pressurized ground data system. All other PU system 
propellant quantities based on flight data system. 






increased decay rate was attributed to an increase in LHo surface 
agitation caused by S-IC engine firing. This decay is normal and has 
occurred on previous launches. 


The LH2 vent valves opened during S-IC boost, limiting tank pressure; 
however, no main poppet operation was indicated. During valve action, 
differentia, pressure across the vent valve was maintained by the 
primary pilot valve within the allowable low-mode band of 27.5 to 29.5 
psi. Ullage pressure at engine start was 29.0 psia exceeding the mini- 
mum engine start requirement of 27 psia. The LH2 vent valves were 
switched to the high vent mode prior to S-iI engine start. 


The LH2 ullage pressure during S-II boost was controlled by an orifice 
in the LHp tank pressurization line, with maximum tank pressure con- 
trolled by the LH2 vent valves. Except for the normal low pressure 
spike during start transient, the ullage pressure throughout the S-I] 
boost period was controlled by the LH2 vent valves within the 30.5 

to 33 psia allowable band. LHp tank vent valve 1 opened at 177.0 
seconds and remained open until 200.9 seconds. LHz tank vent valve 2 
opened at 171.8 seconds and remained open until 560.7 seconds. The 
LHo ullage pressure was approximately one psi higher than the pre- 
dicted pressure because the vent valves controlled the pressure in 
mid-cracking pressure range rather than the minimum crack level. This 


6-14 


Segal eer Hopes UN kee ET RE aR Le tee 


eek ont RR YO Ra ete as ag 











ViH2 PREPRESSURIZATION START YWS-II CECO —-~-—— PREDICTED 
WS-I1 ESC WS-II OECO ACTUAL 





36 


32 


tas] 
@ 


24 


at 
wm 


LH, ULLAGE PRESSURE, N/om? 


RANGE TIME (SECS) 


20 : | OPEN CLOSED 


1s | _J [ine | 07 


LH, ULLAGE PRESSURE, psia 





12 . . : 
-200 -10 0 100 200 300 400 500 600 
RANGE TIME, SECONDS 


Figure 6-8. S-II Fuel Tank Ullage Pressure 
is an acceptable condition and no corrective action is nec ssary. 


Figure 6-9 shows LH2 pump total inlet pressure, temperature and Net Posi- 
tive Suction Pressure (NPSP) for the J-2 engines. The parameters 

were in close agreement with the predicted values throughout the S-il 
flight period. NPSP remained above the minimum requirement throughout 
the S-II burn phase. 


6.6.2 S-II LOX Pressurization System 


LOX tank ullage pressure, actual and predicted, is presented in Figure 
6-10 for autosequence, S-IC boost, and S-II burn. After a 107 second 
cold helium chilldown flow through the LOX tank, the chiildown flow 
was terminated at -200 seconds. The vent valves were closed at -184 
seconds and the LOX tank was pressurized to the pressure switch No. 2 
setting of 38.6 psia in 30.9 seconds. No pressure make-up cycles 
were required. The LOX tank ullage pressure increased to 40.5 psia 
because of common bulkhead flexure due to LH2 tank prepressurization. 
The LOX vent valves performed satisfactorily during all prelaunch 
operations. The extended LOX vent valve closing time experienced on 
AS-510 was not repeated. 
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The LOX vent valvez remained closed during the S-IC boost and the LOX 
tank ullage pressure prior to S-II ESC was 41.0 psia. During the S-II 
boost, the LOX tank pressure varied from a maximum of 41.8 psia at 

192 seconds to a minimum of 38.3 psia at S-II CECO. The LOX tank pres- 
surization was controlled in-flight by an orifice, with the LOX tank 
vent valves controlling excessive pressure buildup within a pressure 
range setting of 39.0 to 42.0 psia. The LOX tank vent valve 1 opened 
at 193.5 seconds and remained open until 193.6 seconds. LOX tank 

vent valve 2 opened and closed four times between 165.6 seconds and 
237.9 seconds. The LOX tank vent valve 2 open durations ranged from 
0.3 second to 12.¢ seconds. 


The LOX tank ullage pressure was controlied within one psi of tre pres- 
sure predicted for S-Ii boost as shown in Figure 6-10. Comparisons 

of the LOX pump total inlet pressure, temperature, and NPSP are pre- 
sented in Figure 6-]1. Throughout S-II boost, the LOX pump NrSP was 
vel} above the minimum requirement. 
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Figure 6-10. S-I] LOX Tank Ullage Pressure 
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Ficure 6-11. S-II LOX Pump Inlet Conditions 
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One configuration change was made to the LOX pressurization system for 
this flight. A LOX tank pressure switch purge was installed, effective 
AS-511 and subsequent vehicles. The purge system was incorporated to 
preclude a potential LOX/GOX incompatibility situation within the LOX 
pressure switch assembly. The purge is connected to the helium iniec- 
tion and accumulator fill helium supply system. No instrumentation is 
available to evaluate the purge system. However, since the helium 
injection and accumulator fill supply pressure was within predicted 
(Figure 6-14), it is concluded that the purge system also functioned 
properly. 


6.7 S-IT PNEUMATIC CONTROL PRESSURE SYSTEM 


The pneumatic control system functioned satisfactorily throughout S-IC 
= and S-II boost periods. Bottle pressure was 2960 psia at -19 seconds. 
¢ The bottle pressure decay to approximately 2930 psia just prior to S-II 
oe ESC is attributed to a decreasing temperature in the thrust cone area 

i and system leakage due to the vibrations caused by going through Mach 
1 and maximum dynamic pressure. The pressure decayed from 2930 psia 
prior to S-II engine start to 2560 psia after S-II OECO because of 
normal valve activities during S-II burn. 





The regvlator outlet pressure at -187 seconds was 700 psia which was 
within the revised regulation-relief band of 670 to 815 psia. The mini- 
mum recline limit was revised from 690 to 670 psia for this and subse- 
quent flights. The regulator pressure decreased from 700 psia to 
approximately 695 psia at the S-II engine start for the same reasons 

the supply bottle pressure decreased during the same time period. After 
S-II engine start, the regulator pressure decreased to approximately 

690 psia and remained relatively constant at that pressure level for 

the remainder of S-iI boost except for allowable pressure drops during 
recirculation or prevalve actuations at S-II engine start, at CECO, 

and at OECO. 


The LH2 recirculation pump valve No. 1 (open and closed) indications, 

and the LH? recirculation pump valve No. 5 open indication were not 
functioning properly at liftoff and S-II engine start. However, 

proper valve positions were verified by monitoring other system parameters. 


The prevalves functioned as required at S-II engine start and at CECO 
anc OECO. 


6.8 S-I] HELIUM INJECTION SYSTEM 
The performance of the helium injection system was satisfactory. The 
supply bottle was pressurized to 2940 psia prior to liftoff and by 


S-II ESC the pressure was 1740 psia. Helium injection average total 
flowrate during supply bottle blowdown (-30 to 163 seconds) was 70 SCFM. 
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6.9 POGO SUPPRESSION SYSTEM 


A center engine LOX feedline accumulator is installed on the S-II 
stage as a POGO suppression device. This was the third flight stage 
to incorporate an accumulator system to suppress S-II POGO and the 
analysis indicates that there was no PQGQ. 


The accumulator bleed subsystem performance was satisfactory. Figure 
6-12 shows the required accumulator temperature at engine start, the 
predicted temperctures during prelaunch and S-IC boost, and the actual 
temperatures experienced during AS-511 flight. As can be seen, the 
maximum allowable temperature of -281.5°F at engine start was adequately 
met (-294.5°F actual). 


Accumulator fill was initiated 4.1 seconds after engine start. Figure 
6-13 shows the accumulator LOX level versus time during accumulator 

fill. The fill time was 6.8 seconds, within the required five to seven 
second requirement. The helium fill flow rate, during the fill transient, 
was 0.0052 lbm/s and the accumulator pressure was 43.7 psia. 


After the accumulator was filled with helium, it remained in that state 
until S-II CECO when the helium flow was terminated by closing the two 
fill solenoid valves. There was no sioshing or abnormal liquid level 
behavior in the accumulator during center engine operation. Figure 
6-14 shows the helium injection and accumulator fiil supply pressure 
during accumulator fill operation. The supply bottle pressure was 
within the predicted band, indicating that the helium usage rates were 
as predicted. 


6.10 S-1I HYDRAULIC SYSTEM 


S-I1 hydraulic system performance was normal throughout the flight. 
System supply and return pressures, reservoir volumes, and system 

fluid temperatures were within predicted ranges. Reservoir fluid tem- 
peratures increased at close to predicted rate. All servoactuators 
responded to commands with good precision. The maximum engine deflection 
was approximately 1.1 degrees in pitch on engine | at initiation of 
Iterative Guidance Mode (16M). Actuatcr loads were well within design 
limits. The maximum actuator load was approximately 7,890 Ibf on the 
pitch actuator of engine 2 at IGM. 
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Figure 6-13. S-II Center Engine LOX Feedline Accumulator Fill Transient 


6-2] 


PRESSURE, psta 





UMBILICAL LINE VENT Ws-1l CEO a PREDICTED BAND 


HELIUM INJECTION STOP Ws-11 OECD 
Y ACCUMULATOR FILL START ————— ACTUAL 


PRESSURE, N/em2 








(3 
See S| fs 
Sager bo 
INLQT FRESQURE 
0 0 
-100 0 100 200 390 400 600 


RANGE TIMi, SECONDS 


S-II Center Engine 'CX Feedline Accumulator Helium Supply 
System Performance 


Figure 6-14. 


6-22 


SECTION 7 


S- IVB PROPULSION 


7.1 SUMMARY 


The S-IVB propulsion system performed satisfactorily throughout the opera- 
tional phase of first burn and had normal start and cutoff transients. 
S-IVB first burn time was 142.6 seconds, 0.4 seconds longer than predicted. 
This difference is composed of 1.0 second due to the combined first and 
second staae performance and -0.6 second due to higher S-IVB performance. 
The engine performance during first burn, as determined from standard 
altitude reconstruction analysis, deviated from the predicted Start Tank 
Discharge Valve (STDV) open +140-second time slice by 0.38 percent for 
thrust and zero percent for specific impulse. The S-IVB stage first 

burn Engine Cutoff (ECO) was initiated by the Launch Vehicle Digital 
Computer (LVDC) at 706.21 seconds. 


The Continuous Vent System (CVS) adequately regulated LH2 tank uliage 
pressure at an average level of 19.4 psia during orbit and the Oxygen/ 
Hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres- 
surization for restart. Engine restart conditions were withir. specified 
limits. The restart at full open Mixture Ratio Control] Valve (MRCV) 
position was successful. 


S-IVB second burn time was 341.9 seconds, 2.4 seconds less than predicted. 
This difference is primarily due to the slightly higher S-IVB performance 
and lighter vehicle mass during second burn. The engine performance 
during second burn, as determined from the standard altitude reconstruction 
analysis, deviated from the STDV open +140-second time slice by 0.57 
percent for thrust and zero percent for specific impulse. Second burn 

ECO was initiated by the LVDC at 9,558.41 seconds (02:39:18.41). 





The S-IVB high pressure systems were safed followina J-2 engine second 
burn cutoff. The thrust developed during the LOX dump provided a satis- 
factory contribution to the velocity change for lunar impact. Momentary 
ullage gas ingestion occurred three times during the LOX dump as a result 
of LOX sioshing. The greater than nominal slosh activity was attributed 
to the additional vehicle maneuver to the LOX dump attitude for optimum 
velocity increment following the programmed LOX dump maneuver. As a 
result of the ullage ingestion, liquid flow was impeded and dump per- 
formance was decreased. 


Auxiliary Propulsion System (APS) Module 1 experienced an external helium 
leak which started at approximately 3600 seconds and continued to 22,800 
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seconds (06:20:00). The maximum Teak rate experienced was 585 psi/hr. 
The other Module 1 systems functioned normally. 


Module 2 experienced internal leakage from the high pressure system to 

the low pressure system during the flight. The reaqulator outlet pressure 
began to increase above the regulator settina at approximately 970 seconds. 
The pressure continued to increase to 344 psia, the relief setting of the 
low pressure module relief valve. The regulator outlet pressure rem ined 
between 344 and 203 psia out to loss of data. During periods of high 
propellant usage the reaqulator outlet pressure decreased, but not low 
enough for regulator operation. The prime suspect for this interna) helium 
leakage is leakage through the requlator. Data from preflight pressuriza- 
tion of the APS indicates that the APS probably was on the secondary 
regulator at liftoff. Another leak path being examined 15 the common mount- 
ing block for the high and low pressure helium system pressure transducer. 


Dud S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR 
FIRST BURN 


The thrust chamber temperature at launch was below the maximum allowable 
redline limit of -130°F. At S-IVB first burn Engine Start Command (ESC), 
the temperature was -138°F, which was within the requirements of -189.6 
+ 10°F. 


The chilldown and loading of the engine GH2 start tank and pneumatic con- 
trol bottie prior to liftoff was satisfactory. 


The engine control sphere pressure and temperature at liftoff were 3025 
psia and -158°F. At first burn ESC the start tank conditions were 1308 
psia and -163.4°F, within the required region of 1325 + 75 psia and 
-170 + 30°F for start. The discharge was completed and the refil| 
initiated at first burn ESC +3.8 seconds. The refill was satisfactory 
with 1163 psia and -233°F at cutoff. 


The propellant recirculation systems operation, which was continuous from 
before liftoff until just prior to first ESC, was satisfactory. Start and 
run box requirements for both fuel and LOX were met, as shown in Figure 
7-1. At first ESC the LOX pump inlet temperature was -295°F and the LH2 
pump inlet temperature was -420.8°F. The oxidizer recirculation chilldown 
system flowmeter failed to indicate recirculation flow when chilldown 

was initiated. However, other chilldown measurements indicated that 
recirculation flow was normal. During boost the measurement failed 
sporadically (Section 15, Table 15-3). 


First burn fuel lead foi lowed the expected pattern and resulted in satis- 
factory conditions as indicated by the fuel injector temperature. 


The first burn start transient was satisfactory, and the thrust buildup 


was within the limits set by the engine manufacturer. Thrust data during 
the start transient is presented in Figure 7-2. This buildup was similar 
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to the thrust buildups observed on AS-506 through AS-510. The MRCV was 
in the closed position (5.0 EMR) prior to first start, and performance 
indicates it remained closeu during first burn. The total impulse from 
STDV to STDV open +2.5 seconds was 198,939 Ibf-s. 


7.3 S-IVB MAINSTAGE PERFORMANCE FOR FIRST BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
and actual performance of thrust, specific impulse, total flowrate, and 
Engine Mixture Ratio (EMR) versus time is shown in Figure 7-3. Table 
7-1 shows the thrust, specific impulse, flowrates, and ERM deviations 
form the predicted at tne STDV open +140-second time slice at standard 
altitude conditions. 


Table 7-1. S-IVB Steady State Performance - First Burn 
(STDV Open +140-Second Time Slice at Standard Altitude Conditions) 


PERCENT 
DEVIATION 
FROM PREDICTED 


FLIGHT 


PARAMETER PREDICTED RECONSTRUCTION DEVIATION 


Thrust, lbf 205 ,637 


Specific Impulse, 429.5 
lbf-s/1bm 


LOX Flowrate, 397.55 
lbm/s 


Fuel Flowrate, 81.22 
Tbm/s 


Engine Mixture 4,895 
Ratio, LOX/Fuel 





Thrust, specific impulse, and EMR were well within the predicted bands. 

The thrust and propellant flowrates were slightly higher than nominal. 

The higher thrust and flowrates for flight can be attributed to a higher 
than nominal MRCV setting of approximately 30.8 degrees as compared to 

the predicted nominal setting of 30.4 degrees. The MRCV setting was 
within the requirement of 30.0 + 1 deaqrees. It should be noted that the 
estimated higher MRCV setting is based on engine performance reconstruc- 
tion. The MRCV position indicator can only be used as a gross measurement. 


The first burn time was 142.6 seconds which was 0.4 seconds longer than 
predicted. This difference is composed of 1.0 second longer due to the 
combined first and second stage performance and 0.6 second shorter du2 

to higher S-IVB performance. Total impulse from STDV open +2.5 seconds to 
ECO was 29.06 x 106 Ibf-s which was 160,000 1bf-s more than predicted. 
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The engine helium control system performed satisfactorily during mainstage 
operation. The engine control bottle was connected to the stage ambient 
repressurization bottles, which resulted in a smail pressure decay. An 
estimated 0.30 Ibm of helium was consumed during first burn. 


7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


S-IVB first ECO was initiated at 706.2 seconds by a guidance velocity cut- 
off command. The ECO transient was satisfactory. The total cutoff impulse 
to zero thrust was 46,U73 Ibf-s which was 1781 Ibf-s lower than the nominal 
predicted value of 47,854 lbf-s and. within the +4,100 Ibf-s predicted 
band. Cutoff occurred with the MRCV in the 5.0 EMR position. Thrust data 
during the cutcff transient is presented in Figure 7-4. 


75 S-IVB PARKING ORBIT COAST PHASE CONDITIONING 


The LH2 CVS performed satisfactorily, maintaining the fuel tank ullage 
pressure at an average level of 19.4 psia. This was well within the 18 
to 21 psia band of the inflight specification. 


The continuous vent regulator was activated at 765.4 seconds and was 
terminated at 8680.7 seconds (02:24:40.7). The CVS performance is shown 
in Figure 7-5. 


Calcuiations based on estimated temperatures indicate that the mass vented 
from the fuel tank during parking orbit was 1803 Ibm and that the boiloff 

mass was 2183 1bm, compared to predicted values of 1987 lbm and 2090 1bm, 

respectively. 


LOX boiloff during the parking orbit coast phase was approximately 20 ]bm. 


7.6 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR 
SECOND BURN 


Repressurization of the LOX and LH2 tanks was satisfactorily accomplisted 
by the 02/H2 burner. Burner "ON" command was initiated at 8680.5 seconds 
(02:24:40.5). The LH2 repressurization contro] valves were opened at 
burner "ON" +6.1 seconds, and the fuei tank was repressurized from iS.6 

to 30.6 psia in 185 seconds. Thare were 25.6 1bm of cold helium used to 
repressurize the LH tank. The LOX repressurization control valves were 
opened at burner "GN" +6.3 seconds, and the LOX tank was repressurized 
from 36.9 to 40.0 psia in 107 seconds. There were 2.9 Ibm of cold helium 
used to repressurize the LOX tank. LH2 and LOX ullage pressures are shown 
in Figure 7-6. The burner continued to operate for a total of 455 seconds 
providing nominal propellant settling forces. The performance of the 
AS-511 02/H2 burner was satisfactory as shown in Figure 7-7. 


The S-IVB LOX recirculation system satisfactorily provided conditioned 
oxidizer to the J-2 engine for restart. Fuel recirculation system 
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Figure 7-4. S-IVB Thrust Decay 
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Figure 7-5. S-IVB CVS Performance - Coast Phase 


performance was adequate and conditions at the pump inlet were satisfactory 
at second STDV open. The LOX ard fuel pump inlet conditions are plotted 

in the start and run boxes in Figure 7-8. At second ESC, the LOX and fuel 
pump inlet temperatures were -294.3 and -419.1°F, respectively. 


Tha oxidizer recirculation chilldown system flowmeter operated normally 
during the first 200 seconds of chilldown and then failed completely 
(Table 15-3). Second burn fuel lead generally followed the predicted 
pattern and resulted in satisfactory conditions, as indicated by the fuel 
injector temperature. Since J-2 start system performance was nominal 
during coast and restart, no helium recharge was required from the LOX 
ambient repressurization system (bottle No. 2). The start tank performed 
satisfactorily during second burn blowdown and recharge seque:ce. The 
engine start tank was recharged properly and it maintained sufficient 
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pressure during coast. The engine control sphere first burn gas usage 
was as predicted; the ambient helium spheres recharged the contro] 
sphere to a nominal level for restart. 


The second burn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine manufacturer and was similar to the 
thrust buildup on AS-506 through AS-510. The MRCV was in the proper ful} 
open (4.5 EMR) position prior to the second start. The total impulse 
from STDV open to STDV open +2.5 seconds was 196,139 lbf-s. 


7.7 S-IVB MAINSTAGE PERFORMANCE FOR SECOND BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
and actual performance of thrust, specific impulse, total flowrate, and 
MR versus time is shown in Figure 7-9. Table 7-2 shows the thrust, 
specific impulse, flowrates, and EMR deviations from the predicted at 
the STDV open +140-second time slice at standard altitude conditions. 


Table 7-2. S-IVB Steady State Performance - Second Burn 
(STDV Open +140-Second Time Slice at Standard Altitude Conditions) 


PERCENT 
PARAMETER PREDICTED 


DEVIATION 
Thrust, lbf 205 ,637 

























FLIGHT 


RECONSTRUCTION DEVIATION 


FROM PREDICTED 










206 ,807 











429.5 





Specific Impulse, 429.5 


lbf-s/1bm 
397.55 


LOX Flowrate, 399.98 


Tbm/s 











Fuel Flowrate, 81.22 81.49 


Tbm/s 










Engine Mixture 4,895 4.909 


Ratio, LOX/Fuel 





Thrust, specific impulse, and EMR were well within the predicted bands. 
The thrust and propellant flowrates were slightly higher than nominal. 
The higher thrust and flowrates during second burn are attributed to the 
Same reason as for first burn. 


The second burn time was 341.9 seconds which was 2.4 seconds less than 
predicted. This difference is primarily due to the slightly higher S-IV6 
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Figure 7-9. 
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performance and lighter second burn vehicle mass. The total impulse from 
STDV open +2.5 seconds t~ ECO was 69.33 x 10© 1Ibf-s which was 40,000 1bf-s 
less than predicted. 


The engine helium control system per-ormed satisfactorily during mainstage 
operation. The engine control] bottle was connected to the stage ambient 
repressurization bot.les, which resulted in only a small pressure decay. 
An estimated 1.1 lbm of helium was consumed during second burr. 


7alel Mainstage Prediction Technique 


The AS-511 flight prediction was revised prior to flight to incorporate 
the results of the AS-510 flight evaluation. The "old" and "new" mainstage 
average performance levels are compared to AS-511 reconstructed performance 
levels in Table 7-3. The change: to the prediction were caused primarily 
by the following: 

Table 7-3. S-IVB — gine Mainstage Performance Averages* 


(a 
5.0 EMR - Ist SURN [ RECONSTRICTED 4.5 EMR ~ 2nd BURN RECONSTRUCTED 
| prepicten | vverton PREDIC REDIC 
PREDICTED PREDICTED PREDICTED a PREDICTED 
PARAMETER Oto [NEW RECONSTRUCTION} OLD NEW NEW RECONSTRUCTION oro (NEW | 





Thrust, lof 205 ,065 1206 ,937 2,398 526 1181, 947/181, 758 974 1,163 

Specific Impulse, 2.0 0.5 431.3 2.5 1.1 
lbf-s/lbm 

LOX Flowrate, 398.98] 401.03 2.63 9.58) 345.27] 344.07 -0.06 1,14 
lom/s 

Fuel Flowrate, 0.80 0.08 77.39 0.87 0.42 
Tom/s 

Engine Mixture 0.22 0 4.45 ~0.06 -0.01 





Ratto, LOX/Fuel 





“Averages calculated from STDV Open +2.5 seconds. 


a. The prediction was changed to reflect the specific impulse/mixture 
ratio correlation from the enaine contractor logbook. Recent studies 
indicated that the specific impulse correlation as quoted in the 1og- 
book, has been in good agreement with the observed flight data. 


b. The assembly methods and tolerances associated with the MRCV position 
were reviewed. The results indicated that the true nominal at the 
high stop position (5.0 EMR) is 30.4 degrees rather than 30.0 degrees; 
the true nominal for the low stop position (4.5 EMR) is 11.5 degrees 
rather than 12.5 degrees. The AS-5i1 prediction incorporated these 
new nominal values. 


c. The AS-51] stage acceptance test data (Figure 7-10) after ESC + 420 
seconds was used for tne "old" 5.0 EMR flight prediction. However, 
further analysis indicated that a performance shift occurred at this 
time and that the performance level prior to the 4.5 EMR operation was 
more typical. Also, past flight data more nearly corresponds to the 
acceptance test 5.0 EMR level prior to operation at the 4.5 EMR level, 
therefore the earlier in-run data was used for the "new" 5.0 cMRK 
flight prediction for AS-511. 
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S-IVB Engine Steudy State Performance During Stage Acceptance Test 


d. The engine in-run trends were changed to reflect previous flight data 
at 5.0 EMR. Previous predictions used the in-run trends as observed 
during the stage acceptance firing at 5.5 EMR. 


The AS-511 flight 5.0 EMR prediction was, therefore, generated based on 
the established stage acceptance test power level] at ESC + 328 seconds 
and engine contractor acceptance test data. The 4.5 EMR power level was 
based on the acceptance test data at ESC + 380 seconds and engine con- 
tractor acceptance test data. It should be noted that the engine 
contractor acceptance tests did not include the rotated PU valve baffle. 
Modification of the PU valve occurred between the engine contractor test 
series and the stage acceptance test. Consequently, the stage acceptance 
test provided a better EMR reference value for the prediction. 


A comparison between the "old" and "new" reconstructed minus predicted 
values from Table 7-3 show that in general the "new" method of prediction 
provides much better agreement with reconstructed. 


7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 


S-IVB secox’ ECO was initvcced at 9558.41 seconds (02:39:18.41) by a gui- 
dance velocity cutoff command. The ECO transient was satisfactory. The 
total cutoff impulse to zero thrust was 46,667 lbf-s which was 1674 lhf-s 
lower than the nominal preaicted value of 48,341 lbf-s and within the 
+4,100 Ibf-s predicted band. Cutoff occurred with the MRCV in the 5.0 
EMR position. 


7.9 S-IYB STAGE PROPELLANT MANAGEMENT 


A comparison of propeilant masses at critical flight events, as determined 
by various analyses, is presented in Table 7-4. The best estimate full 
load propellant masses were 0.12 percent greater for LOX and 0.07 percent 
less for LH2 than predicted. This deviation was well within the required 
loading accuracy. 


Extrapolation of best estimate residuals data to depletion, using the 
propellant flowrates, indicated that a LOX depletion would have occurred 
approximately 8.24 seconds after second burn velocity cutoff. 


During first burn, the pneumatically controlled two position Mixture Ratio 
Control Valve (MRCV) was positioned at the closed position for start and 
remained there, as programmed, for the duration of the burn. 


The MRCV was commanded to the 4.5 EMR position 119.9 seconds prior to 
second ESC. The MRCV moved to the 4.5 EMR position when it received 
engine pneumatic power at ESC +0.6 second. The MRCV took less than 250 
milliseconds to reach the open (4.5 EMR) position. 


Table 7-4. S-IVB Stage Propellant Mass History 


PREDICTED INDICATED FLOW BEST 
(CORRECTED) joes INTEGRAL ESTIMATE 


ef oefoefenf mlm see 
oe [= =] mene ammo m 
Seo Sse ee 


THE MASSES SHOWN DO NOT INCLUDE MASS BELOW THE MAIN ENGINE VALVES, AS PRESENTED iN SECTION 16, 












First S-I¥8 
Cutoff 


Second $-1VB 
Cutoff 


At second ESC + 56 seconds, the valve was commanded to the closed position 
(approximately 5.0 EMR) and remained there throughout the remainder of the 
flight. 


7.10 S-IVB PRESSURIZATION SYSTEM 
7.10.1 S-IVB Fuel Pressurization System 


The LH2 pressurization system met all of its operational requirements. 
The LH2 pressurization system indicated acceptable performance during 
prepressurization, boost, first burn, coast phase, and second burn. 


The LH2 tank prepressurization command was received at -96.4 seconds ane 
the tank pressurized signal was received 12.0 seconds later. Following 
the termination of prepressurization, the ullage pressure reached relief 
conditions {approximately 31.7 psia) and remained at that level unti} 
liftoff, as shown in Figure 7-li. A smell ullage collapse occurred 
during the first 15 seconds of boost. The ullage pressure returned to 
the relief leve) by 90 seconds due to self pressurization. A similar 
ullage collapse occurred at S-IC/S-II separation. The ullage pressure 
returned to the relief level 3C seconds later. Ullage collapse during 
boost has been experienced on previous flights and is considered normal. 


During first burn, the average pressurization flowrate was approximately 
0.69 Ibm/s, providing a total flow of 97.6 Ibm. Throughout the burn, 
the ullage pressure was at the relief level, as predicted. 


The LH2 tank was satisfactorily repressurized for restart by the 62/H2 
burner. The LH2 ullage pressure was 31.2 psia at second burn ESC, as 
shown in Figure 7-12. The average second burn pressurization flowrate 
was 0.70 Ibm/s unsil step pressurization, when it increased to 1.39 lbm/s. 
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Figure 7-11. S-IVB \H2 Ullage Pressure - First Burn and Parking Orbit 
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Figure 7-12. S-IVB LH2 Ullage Pressure - Second Burn and Translunar Coast 
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This provided a total flow of 287.4 lbm during second burn. The increase 
in pressurization flowrate resulting from the EMR change increased the 
ullage pressure to relief pressure (31.7 psia) at second ESC + 106 seconds. 
The initiation of step pressurization at second ESC + 280 seconds increased 
the relief level to 32.9 psia. 


The LH2 pump inlet Net Positive Suction Pressure (NPSP) was calculated 

from the pump interface temperature and total pressure. These values 
indicated that the NPSP at first burn ESC was 14.1 psi. At the minimum 
point, the NPSP was 5.0 psi above the minimum required value. Through- 

out the burn, the NPSP had satisfactory agreement with the predicted values. 


The NPSP at second burn STDV open was 5.7 psi, which was 1.2 psi above the 
minimum required value but lower than that experienced on previous 
flights. The fuel pump inlet temperature response included upward shifts 
that are attributed to changes in flow conditions around the temperature 
probe. Similar temperature responses have been seen on previous flights. 
When the temperature shifts are accounted for, the NPSP at second burn 
STDV open is about 7.3 psi and is comparable to the 7.5 psi average 

value for previous flights. The indicated temperature returned to a 
nominal] level during burn. Figures 7-13 and 7-14 summarize the fuel pump 
inlet conditions for first and second burns. 


7.10.2 S-IVB LOX Pressurization System 


LOX tank prepressurization was initiated at -167 seconds and increased the 
LOX tank ullage pressure from ambient to 40 psia in 14.3 seconds, as shown 
in Figure 7-15. Three makeup cycles were required to maintain the LOX 
tank ullage pressure before the ullage temperature <tabilized. At -96 
seconds the LOX tank ullage pressure increased from 40.0 to 41.5 psia due 
to fuel tank prepressurization. The pressure then decreased to 40.9 psia 
at liftoff. 


During boost there wes a nominal rate of ullage pressure decay caused by 
an acceleration effect and ullage collapse. No makeup cycles can occur 
because of an inhibit until after Timebase 4 (74). LOX tank ullage 
pressure was 36.5 psia just prior to ESC and was increasing at ESC due 
to a makeup cycle. 


During first burn, five over-control cycles were initiated, including the 
programmed over-control] cycle initiated prior to ESC. The LOX tank 
pressurization flowrate variation was 0.24 to 0.31 Ibm/s during under- 
control system operation. This variation is rormal and is caused by 
temperature effects. Heat exchanger performance during first burn was 
Satisfactory. 


The LOX NPSP calculated at the interface was 21.7 psi at the first burn 
ESC. This was 8.9 psi above the NPSP minimum requirement for start. The 
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Figure 7-14. 
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Figure 7-15. S-IVB LOX Tank Ullage Pressure - First Burn and Earth 
Parking Orbit 


LOX pump static interface pressure during first burn follows the cyclic 
trends of the LOX tank ullage pressure. 


During orbital coast, the LOX tank ullage pressure experienced a decay 
similar to that experienced on the AS-510 flight. This decay was within 
the predicted band, and was not a problem. 


On AS-511 the vehicle pitch rate at insertion was reduced from the AS-510 
value in order to minimize sloshing that resulted in LOX venting. No 
liquid was vented. Mass addition to the ullage from LOX evaporation 

was minimal and the ullage pressure stayed below the relief range. For 
additional information, see Section 10.4.2. 


Repressurization of the LOX tank prior to second burn was required and 
was satisfactorily accomplished by the 02/H2 burner. The tank ullage 
pressure was 40.0 psia at second ESC and satisfied the engine start 
requirements. 
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Pressurization system performance during second burn wes satisfactory. 
There was one over-contro] cycle, which was nominal. Helium flowrate 
varied between 0.32 and 0.39 Ilbm/s. Heat exchanger performance was 
satisfactory. 


The LOX NPSP calculated at the engine interface was 22.5 psi at second 

burn ESC. This was 10.7 psi above the minimum required NPSP for second 
engine start. At all times during second burn, NPSP was above the required 
level. Figures 7-16 and 7-17 summarize the LOX pump conditions for first 
burn and second burn, respectively. The LOX pump run requirements for 
first and second burns were satisfactorily met. 


The cold helium supply was adequate to meet all flight requirements. At 
first burn ESC, the cold helium spheres contained 375 lbm of helium. At 
the end of second burn, the helium mass had decreased to 152 Ibm. 

Figure 7-18 shows helium supply pressure history. 


7.11 S-IVB PNEUMATIC CONTROL PRESSURE SYSTEM 


The stage pneumatic system performed satisfactorily during all phases of 
the mission. The pneumatic sphere pressure was 2450 psia at initiation 
of safing. 


7.12 S-IVB AUXILIARY PROPULSION SYSTEM 


The S-IVB Auxiliary Propulsion System (APS) provided attitude control 
throughout the mission. The Flight Control Computer (FCC) was shut off 
at approximately 21,338 seconds (05:55:38). The APS ullage engines pro- 
vided thrust for propellant settling following first J-2 engine cutoff 
and prior to second J-2 engine start, and for S-IVB/CSM evasive burn and 
first lunar impact velocity change requirements. Both Module 1 and 2 
experienced helium leaks during the mission. Module 1 experienced exces- 
sive external helium leakage from the propellant pressurization system 
and Module 2 experienced internal leakage from the high pressure side to 
the low pressure side of the propellant pressurization system. 


7.12.1 APS Module 1 Performance 

The helium pressurant system, the propeliant systems, and thrust system 
all performed nominally during flight, with the exception of the external 
helium leak. Figure 7-19 presents the Module 1 helium bottle pressure 
corrected to 80°F and compares it with the predicted values. 

7.12.1.1 Propellant System 


The oxidizer and fuel propellant systems performed as expected during the 
flight. The propellant temperatures ranged from 81°F to 91°F. 
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Figure 7-16. S-IVB LOX Pump Inlet Conditions - First Burn 
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Figure 7-17. 
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Figure 7-18. S-IVB Cold Helium Supply History 
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Figure 7-19. APS Module 1 Helium Supply Pressure 
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The APS Module 1 propellant usage was less than the predicted nominal 
usage. Table 7-5 presents the APS propellant usage during specific por- 
tions of the mission. : 


Table 7-5. S-IVB APS Propellant Consumption 






[ones oreee 
ries pence? [uw | rence | cen | pencenT | um _| 


TIME PERIOD 










Initial Load 






First Burn (Roll Contro!) 


















ECO to End of First APS ‘ i. 
Ullaging (86.7 sec time 
period) 
End of First Ullage Burn to | 4.6 2.3 . : 
Start of Second Ullage 
Burn | 

| 
Second Ullage Burn W223 5.5 7 : 
(76.7 sec duration) 
Second Burn (Roll Contro!) 0.3 0.1 0.2 0.2 0.3 0.1 | 0.2 0.2 
ECO to Start of Evasive 11.0 5.4 7.4 5.9 12.7 6.2 i 7,0 | 6.3 
Burn at 15,488 sec | 


Evasive Ullage Burn 11.6 $.7 8.5 6.7 19.9 9.7 14,9 
(80 sec duration) 


From End of Evasive Burn 6.1 3.0 3.7 2.9 
to Start of Lunar Impact 
Burn at 20,407 sec 





From Start of Lunar Impact 9.2 4.5 7.1 5.6 13.0 6.4 9.7 7.7 
Burn to FCC Cutoff 
(approximately 21,324 sec) 


Total Propellant Usage 70.8 4.7 51.2 40.6 89.7 43.9 64.4 51.0 


MOTE: The APS propellant consumption presented in this table calculated 
from APS engine total impulse calculations. 


7.12.1.2 Helium Pressurization System 


An externai leak developed at approximately cone hour into the mission as 
shown in Figure 7-19. On previous flights external leakage has been 
experienced, but never as early in the mission or at so large a rate. 
Table 7-6 presents a comparison of previous missions in which external 
helium leakage was experienced. It should also be noted that Module 1 
experienced a 38 psi/hcour leakage prior to liftoff, which is within the 
allowable limit of 6C psi/hour. Previous pre-liftoff decay checks have 
been less than 10 psi/hour. The adequacy of the present prelaunch 
acceptable leakage rate to allow for the colder inflight environment is 
being investigated ard a proposal to reduce this limit to a value between 


0 and 10 psi/hr is in progress. 


Figure 7-20 presents the total helium mass leakage during the flight. 

It should be notcd from Figure 7-20 that the leakage appears to terminate 
at approximately 22,800 seconds (06:20:00) following the Passive Therma} 
Control (PTC) maneuver. 
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Table 7~6. APS Externai Leakage Sumnary 





APS MODULE bs START TIME 
NO. (GET) 










MBX, LEAKAGE 
PSI/HR 











DURATION 
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Figure 7-20. S-IVB APS Accumulated Helium Leakage for Modules 1 and 2 
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gm 


HELIUM LEAKAGE , 


7.12.i.0 Results of Failure Investigation 


Labo ‘atory tests showed that joints located at bulknead fittings were 
temperature sensitive in that at selected torque values the leakage rate 
increased as the temperature decreased. Similar tests performed on 
adapter fittings indicated insensitivity to temperature extremes. It 

was also noted that the bulkhead fitting leaks ceased when the temperatures 
were increased. 


7.12.1.4 APS External Leakage Corrective Action 


Corrective action in process includes hardware modifications and procedural 
changes as follows: 


a. Replace al? APS bulkhead fittings with adapter unions. 
b. Replace Teflon "0" rings with K-seals where exposed to propellants. 


c.  Reptace Teflon "U" rings with Buna-N "O" rings where compatibility 
is acceptable. 


d. Connect APS helium system to stage helium supply to provide backup 
capability (Figure 7-22). 


e. Perform 3000 psi pressure leak checks of pressurization system in 
KSC laboratory and on the pad prior to propellant tank connection. 


f. Reduce allowable pressure decay rate after propellant loading. 
7.12.1.5 Thrust System 


The performance of the attitude control thrusters and ullage thruster 
was satisfactory throughout the mission. The thrust chamber pressures 
ranged from 95 to 102 psia. The ullage thruster successfully completed 
three sequenced burns of 86.7, 76.7 and 80 seconds duration; and one 
ground commanded lunar impact burn of 54 seconds duration at 20,407.2 
seconds (05:40:07.2). The PTC maneuver was successfully initiated prior 
to Flight Control Computer (FCC) shutoff. 


Poleee APS Module 2 Performance 


The internal Helium leakage from the high pressure side of the low pres- 
sure side of the APS Moduie 2 prope:lant pressurization system resulted in 
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Figure 7-21. APS Regulator Outlet Pressure 
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Figure 7-22. S-IVB Ambient Helium Spheres Interconnect Schematic 


higher than normal propellant supply pressures and thruster chamber pres- 
sures. The greater than nominal thrust from the Module 2 ullage engine 
created a vehicle pitching moment that required compensating Module 2 
pitch enaine thrusting. The performance appeared to be consistent with 
the higher propellant supply pressure. 


7.12.2.i Propellart System 


The oxidizer and fuel propellant systems performed as expected during 
flight. The propellant temperatures ranged from 84 to 110°F. The APS 
Module 2 propellant usage was slightly above the upper three sigma pre- 
dicted limit. Module 2 had higher thaa predicted prope)*ant usage 

because of higher than nomin2l ullage engine propellant flow rate result- 
ing from the increased propellant supply pressure and the increased pitch 
engine thrusting activity. Table 7-5 presents a summary of APS propellant 
usage, 


7.12.2.2 Helium Pressurization System 


The internal leakage experienced on Module 2 started at approximately 970 
seconds. The internal leakage resulted in a continually decreasing 
helium bottle pressure (Figure 7-23). The leakage rate corresponded to 
an equivalent constant orifice diameter of 0.0013 inches with a variation 
of 10 percent to -27 percent. The regulator discharge pressure increased 
from the nominal 197 psia at 970 seccnds and reached 344 psia, the low 
pressure module relief valve setting, at approximately 4100 seconds 
(01:08:20) as shown in Figure 7-21. Figure 7-20 presents a plot of 
Module 2 external helium loss as a function of time. Venting apparently 
occurred between the time the ullage pressure reached the relief set- 
ting at approximately 4100 seconds (01:08:20) until the start of the 
second ullage burn at 9135 seconds (02:32:15). 


The regulator discharge pressure remained close to relief until the ullage 
engine burn prior to restart, at which time it dropped to 203 psia. It 
should be noted that this level is not low enough to result in regulator 
operation. Following this event, the regulator outlet pressure varied 
between 220 and 320 psia in response to APS usage until loss of data at 
27,640 seconds (07:04:40). 


Two possible paths of internal leakage are through the two conoseals in 
the common mounting block for the helium bottle pressure transducer and 
the regulator outlet pressure transducer as shown in Figure 7-24, or 
through the dual regulators as shown in Figure 7-25. 


During the launch countdown while pressurizing the APS Module 2 helium 
sphere at approximately T-8.5 hours the pressure stabilized at 208 psia 
for approximately six seconds and graduaily increased to 212 psia 

(Figure 7-26). During the same period the Module 7 pressure stabilized 
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Figure 7-23. APS Module 2 Supply Pressure 
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Figure 7-24. APS Helium Bottle/Regulator Discharge Transducer Mounting 
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Figure 7-25. APS Helium Pressure Regulator 1854601 
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and held at 208 psia. Based on postflight data, it has been concluded 

that the Module 2 regulator first began to regulate on the primary at 

208 psia and then shifted to the secondary at 212 psia where it remained 
throughout the count. AS-506 through AS-510 preflight pressurization data 
has been examined without revealing similar behavior. The possible cause 
of the shift from primary to secondary is leakage through the regulator 
main poppet seat, pilot poppet seat, or body "0" ring seal. The Module 2 
pressure remained near the secondary regulator setting as discussed above, 
except for a slight decrease due to altitude effects (Figure 7-21), during 
the boost phase of flight until the first ullage engine burn when the 
regulator outlet pressure decreased to 192 psia and held throughout the 
burn (Figure 7-27). This occurrence supports the conclusion that the 
primary regulator was functioning normally, except for leakage, because 

the primary regulator range is 190 to 199 psia and the secondary regulctor 
range is 194 to 203 psia. Following ullage engine burn the pressure slowly 
increased to 197 psia where it stabilized for approximately 150 seconds. 
This increase in regulator pressure can be interpreted as leakage past 

the primary requlator that results in secondary regulator operation. Sub- 
sequent leakage past the secondary regulator then allowed a slow increase 
in regulator outiet pressure to the relief setting as previously discussed. 
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Figure 7-27. APS Module 2 Regulator Outiet Pressure 


7.12.2.3 APS Internal Leakage Corrective Action 


Corrective action in process includes hardware and procedural changes 
as follows: 


a. Connect APS helium system to stage helium supply to provide backup 
capability (Figure 7-22). (Same change for external leakage. ) 
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b. Redesign transducer mounting block. Figure 7-28 shows the new design 
which replaces the oid through bolts with bolts in tapped holes and 
the leak detection parts redesigned to provide separate leak test 
ports. 


c. Perform regulator checkout after propellant loading. 


d. Devote closer attention to protect against moisture and particulate 
contamination of system. 


e. Devote closer attention to regulator outlet pressure during pressu- 
rization on launch pad for early detection of primary regulator 
failure. 

f. Establish regulator outlet pressure as a primary redline measurement. 
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Figure 7-28. APS Helium Bottle/Regulator Discharge Transducer Mounting 
(Proposed Redesign) 


7.12.2.4 Thrust System 


The thrusters on Module 2 experienced chamber pressures up to 50 percent 
above the 100 psia nominal as a result of the high supply pressure. The 
higher thrusts experienced by the thrusters had no detrimental effect on 
the performance of the attitude contro] system. However, the attitude 
control engines have been qualified over a propellant supply pressure 
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ranae of 175 to 275 psia, therefore this mode of operatior results it. 
operating the attitude thrusters above the qualification test limits. 


The thrust levels of the ullage engine varied with the burn as the supply 
pressure decreased. The ullage engines have been test fired by Rocketdyne 
over a propellant supply pressure ranae of 175 to 375 psia. 


7.13 S-IVB ORBITAL SAFING OPERATIONS 


The S-IVB hich pressure systems were safed following J-2 engine cutoff. 

The thrust developed during the LOX dump was utilized to provide a velocity 
change for S-IVB lunar impact. The manner and sequence in which the safing 
was performed is presented in Fiqure 7-29. 
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Figure 7-29. S-IVB LOX Dump and Orbital Safing Sequence 


7.13.1 Fuel Tank Safing 


The LH2 tank was satisfactorily safed by utilizing both the Nonpropul - 
sive Vent (NPV) and the CVS, as indicated in Figure 7-29. The LH? 

tank ullage pressure during safing is shown in Figure 7-12. At second 
ECO, the LH> tank ullage pressure was 32.9 psia; after three vent cycles, 
this decayed to zero at approximately 25,000 seconds (06:56:40). The 
mass of vented GH? agrees with the 2203 Ibm of residual liquid and 
approximately 615 Ibm of GH2 in the tank at the end of powered flight. 


7-40 


Peisie LOX Tank Dumping and Safina 


LOX dump performance in thrust, LOX flowrate, oxidizer mass, and LOX 
ullage pressure is shown in Figure 7-30. 


Immediately following second burn cutoff, a programmed 150-second vent 
reduced the LOX tank ullage pressure from 39.4 to 17.8 psia, as Shown in 
Figure 7-31. Approximately 90 1lbm of ullage helium and 65 Ibm of GOX 
were vented overboard. The ullage pressure then rose gradually, due to 
self-pressurization, to 21.9 psia by the time of initiation of the Trans- 
position, Docking, and Ejection (TD&E) maneuver. 


The LOX dump was initiated at 16,767.1 seconds (04:39:27.1) and was satis- 
factorily accomplished. A steady state liquid flow of 358 gpm was reached 
in 14 seconds. The LOX residual at the start of dump was 3560 Ibm. Cal- 
culations indicate that 2288 Ibm was dumped. During dump, the ullage 
pressure decreased from 23.1 to 22.7 psia. A steady state LOX dump thrust 
of 684 Ibf was attained. LOX dump ended at 16,815.1 seconds (04:40:15.1) 
as scheduled, by closing the Main Oxidizer Valve (MOV). The total impulse 
before MOV closure was 29,614 Ibf-s, resulting in a calcuiated velocity 
change of 26.5 ft/sec. 


Ullage gas ingestion occurred three times during the LOX dump as a result 
of LOX sloshing at 16,775 seconds (04:39:36), 16,799 seconds (04:39:59), 
and 16,813 seconds (04:40:13). The greater than nominal slosh activity 

was attributed to the additiona! vehicle maneuver to the optimum LOX dump 
attitude following the programmed LOX dump maneuver. As a result of the 
ullage ingestion, liquid flow was impeded and dump performance was de- 
creased. Figure 7-30 shows the effects of ullage gaS Ingestion on LOX dump 
thrust, fiowrete, and oxidizer mass. Without ullage ingestion 189 1bm 
additional LOX would have been dumped, resulting in 2294 |bf-s greater 
impulse and 2.07 ft/sec greater velocity change. Additional information on 
LOX sloshing is presented in Section 10.4. 


At LOX dump termination +242 seconds, the LOX NPV valve was opened and 
latched. The LOX tank ullage pressure decayed from 23.0 psia at 17,057 
seconds (04:44:17) to near zero pressure at approximately 22,000 seconds 
(06:06:40). Sufficient impulse was derived from the LOX dump, LH2 CVS 
operation, ond APS ullage burn to achieve lunar impact. For further 
discussion of the tunar impact, refer to Section 17. 


7 gen ae Cold Helium Cump 


A total of cpproximately 144 Ibm of helium was dumped during the three 
programmed dumps which occurred as shown in Figure 7-29. 


7.13.4 Ambient Helium Dump 
The two LOX ambient repressurization spheres were dumped through the LOX 
ambient repressurization control module into the LOX tank NPV system for 


40 seconds beginning at 9590 seconds (02:39:50). During this dump, the 
pressure decayed from 2900 psia to approximately 1300 psia. 
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Figure 7-30. S-IVB LOX Dump Parameter Histories 
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Figure 7-31. S-IVB LOX Tank Ullage Pressure - Second Burn and Transluner Coast 


Approximately 49.5 Ibm of ambient helium in the LH2 ambient repressuriza- 

tion spheres and the No. 1 LOX ambient repressurization sphere were cumped 
via the fuel tank. The 1070-second dump began at 17,448 seconds (04:50:48). 
The LH2 repressurization sphere pressure decayed from 2950 psia to 0 psia. 


7.13.5 Stage Pneumatic Control Sphere Safing 


The stage pneumatic control sphere and LOX repressurization sphere No. 2 
were safed by initiating the J-2 engine pump purge for a one nour period. 
This activity began at 15,487 seconds (04:18:07) and satisfactorily 
reduced the pressure in the spheres from 2500 t> 1310 psia. 


7.13.6 Engine scart Tank Safing 
The engine start tank was safed during a period of approximately 150 sec- 
onds beginning at 13,160 seconds (03:39:26). Safing was accomplished by 


opening the sphere vent valve. Pressure was decreased from 1325 to 30 
psia with 2.78 lbm of hydrogen beina vented. 
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Pal oed Engine Control Sphere Safina 


Tne safina of the engine control sphere began at 17,518.1 seconds (04:51: 
58.1). The helium control solenoid was energized to vent helium through 

the enaine purge system. The initial pressure in the sp.ere was approxi- 
mately 2950 psia. Helium from the control sphere continued to vent until 
18,518.1 seconds (05:08:38.1). The sphere pressure had decreased tc zero 
prior to vent termination. 


The AS-511 fliaht sequence was changed to delay the initiation of the 
engine contro] helium duiip until 70 seconds atter initiation of the LH2 
repressurization helium dump. This sequence change prevented any signi- 
ficant helium mass transfer from the LH2 repressurization spheres to the 
engine control sphere. The LH2 repressurization helium was dumped into 
the LH? tank and vented through the NPV. The engine control helium was 
dumped through the engine thrust chamber. 


7.14 HYDRAULIC SYSTEM 


The S-IVB Hydraulic Syste performance was satisfactory during the entire 
mission (S-IC/S-II boost, first and second burns of S-IVB, and orbital 
and translunar coast). 


The S-IVB hydraulic system was modified by changing the accumulator- 
reservoir assembly charging valve. The original valve was removed and 
replaced with a similar Schrader valve, the type presently used on tne 
S-I] stage. This change will eliminate a single failure point leak 
path to improve the reliability of the system. 


The performance of the accumulator-reservoir assembly through the first 


and second burns and LOX dump was nominal. There was no evidence of 
accumulator GN2 precharge leakage during the flight. 
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SECTION 8 
STRUCTURES 


8.1 SUMMARY 


The structural loads experienced during the S-IC boost phase were wel] 
below design values. The maximum bending moment was 71 x 106 Ibf-in at the 
S-IC LOX tank (approximately 27 percent of the design value). Thrust 
cutoff transients experienced by AS-511] were similar to those of previous 
flights. The maximum longitudinal dynamic responses at the Instrument 
Unit (IU) were +0.25 g and +0.32 g at S-IC Center Engine Cutoff (CECO) 

and Outboard Engine Cutoff (OECO), respectively. The magnitudes of the 
thrust cutoff responses are considered normal. 


During S-IC stage boost, four to five hertz oscillations were detected 
beginning at approximately 100 seconds. The maximum amplitude measured 
at the IU was +0.06 g. Oscillations in the four to five hertz range have 
been observed on previous flights and are considered to be normal vehicle 
response to flight environment. POGO did not occur during S-IC boost. 


The S-il stage center engine LOX feediine accumulator successfully inhibited 
the 16 hertz POGO oscillations. A peak response of +0.5 g in the 14 

to 20 hertz frequency range was measured on engine No. 5 gimbal pad 

during steady-state engine operation. As on previous flights, low 
amplitude 11 hertz oscillations were experienced near the end of S-II 

burn. Peak engine No. 1 gimbal pad response was +0.07 g. P0GO did not 
occur during S-II boost. The POGO limiting backup cutoff system per- 

formed satisfactorily during the prelaunch and flight operations. The 
system did not produce any discrete outputs and should not have since 

there was no P0GO. 


The structural loads experienced during the S-IVB stage burns were well 
below design values. During first burn the S-IVB experienced low ampii- 
tude, 16 to 20 hertz oscillations. The amplitudes measured on the gisbal 
block were comparable to previous flights and within the expected range 
of values. Similarly, S-IVB second burn produced intermittent low ampli- 
tude oscillations in the 11 to 16 hertz frequency range which peaked near 
second burn cutoff. 


8.2 TOTAL VEHICLE STRUCTURES EVALUATION 
8.2.1 Longitudinal Loads 


The structural loads experienced during boost were well below design values. 
The AS-511 vehicle liftoff occurred at a steady-state acceleration of 1.209. 
Maximum tongitudinal aynamic response measured during thrust builaup 

and reiease was +0.20 g in the IU and +0.50 g at the Command Module ((M), 
Figure 8-1. Comparable values have been seen on previous flights. 
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The longitudinal loads experienced at the time of maximum bending moment 
(86.5 seconds) were as expected and are shown in Figure 8-2. The steady- 
state longitudinal acceleration was 2.16 g as compared to 2.06 g on AS-510 
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Figure 8-2 also shows that the maximum longitudinal loads imposed on the 
S-IC stage thrust structure, fuel tank, and intertank area occurred at 
S-IC CECO (137.9 seconds) at a longitudinal acceleration of 3.72 g. The 
maximum longitudinal loads imposed on all vehicle structure above the S-IC 
intertank area occurred at S-IC OECO (161.8 seconds) at an acceleration 
of 3.85 g. 


8.2.2 Bending Moments 


The peak vehicle bending moment occurred during the maximum dynamic pressure 
phase of boost at 86.5 seconds, Figure 8-3. The maximum bending moment 
of 71 x 106 Ibf-in at vehicle station 1156 was approximately 27 percent 
of desiyis value. 
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Figure 8-3. Bending Moment and Load Factor Distribution at 
Time of Maximum Bending Moment 


8.2.3 Vehicle Dynamic Cnaracteristics 
8.2.3.1 Longitudina] Dynamic Characteristics 


During S-IC stage boost, the significant vehicle response was the expected 
four to five hertz first longitudinal mode response. The low amplitude 
oscillations began at approximately 100 seconds and continued until S-IC 
CECO. The peak amplitude measured in the IU was +0.06 g, the same as seen 
on AS-510 and AS-509, but occurred later in flight than previously seen. 
The AS-511 IU response during the oscillatory period is compared with 
previous flight data in Figure 8-4. Spectral analysis cf engine chamber 
pressure measurements shows no detectable buildup of structural/propulsion 
coupled oscillations. POGO did not occur during S-IC boost. 
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Figure 8-4. IU Accelerometer Five Hertz Response During S-IC Burn 
(Longitudinal) 





The AS-511 S-IC CECO and OECO transient responses were similar to those of 
previous flights. The maximum longitudinal dynamics resulting from CECO 
were +0.25 g at the IU and +0.50 g at the CM, Figure 8-5. For OECO the 
maximum dynamics at the IU were +0.32 g and +1, 10 g at the CM, Figure 8-6. 
The minimum CM acceleration level of -0.90 g occurred at approximate ly 

the same time and is of the same magnitude as on previous flights. 


The S-II stage center engine accumulator effectively suppressed the 16 
hertz POGO phenomenon. The flight data show that the 16 hertz oscilia- 
tions were inhibited with amplitudes comparable to those seen on AS-510, 
Figure 8-7. The peak 14 to 20 hertz center engine gimbal response was 
approximately +0.5 g, as compared to +0.6 g on AS-510. POGO did not occur. 


A transient response was experienced shortly after accumulator fill was 
initiated. The peak response of the LOX pump inlet pressure was approxi- 
mately 13 psi peak-to-peak with a frequency of 80 hertz, Figure 8-8. 

The LOX pump inlet pressure on AS-511 had a higher frequency content and 
a longer duration, but lower amplitude than that experienced on AS-510 
(45 psi peak- -to-peak at 68 hertz). Such variations are not unique and 
the causes are attributed to the individual pump characteristics. The 
response of the center engine gimbal pad at the corresponding time 

was less than +0.5 g. 
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Figure 8-5. IU and CM Longitudinal Acceleration After S-IC CECO 


As on prior flights, 1] hertz oscillations were noted near the end of 
S-II burn. The AS-517 peak engine No. 1 gimbal pad response was +0.07 
g as compared to +0.06 g on AS-510. Table 8-1 presents a summary of 
peak engine No. 1 gimbal pad responses for all flights. 


During AS-511 S-IVB first burn, low frequency (16 to 20 hertz) longitudinal 
oscillations similar to those observed on previous flights were evident. 

The AS-51i amplitudes (+0.16 g at gimbal block) were well below the maxi- 
mum measured on AS-505 (+0.30 g) and within the expected range of values. 


AS-511 S-IVB second burn produced intermittent 7] to 16 hertz oscilla- 
tions similar to those experienced on previous flights. The oscillations 
began approximately 118 seconds prior to cutoff and had a maximum value 
of +0.08 g measured on the gimbal block. This compared to +0.05 g on 


AS-510. 
8.2.4 Vibration 


There were no significant vibration environments identified on AS-511. 
A comparison of AS-511 data with data from previous flights show similar 


trends and magnitudes. 
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Figure 8-6. IU and CM Longitudinal Acceleration After S-IC OECO 


The data from AS-510 and AS-511 were limited in frequency range as com- 
pevred to previous data. This was caused by the change in the data acquisi- 
tion system from single-sideband/FM to FM/FM. Direct comparison of 
similar data can not be made due to frequency roll-off characteristics. 
However, correlation is obtained when frequency ranges are compatible. 
Figure 8-9 shows a comparison of AS-511 data with previous flight data 

for compatible frequency ranges. 


In a post-mission debriefing the Apollo 16 crew reported that the vehicle 
had experienced some low amplitude vibration or "buzz" during portions 

of the S-II stage burn, and throughout the S-IVB first and second burns. 
The crew also ncted that the vibrations did not appear to be oriented in 
any particular axis. Analysis of flight data indicates the presence of 
low amplitude, approximately 65 hertz, vibration during the S-II stage 
burn and both S-IVB stage burns. The data show lateral amplitudes of 
+0.10 g at the IU during S-IVB first burn and +0.20 3 during second burn. 
The vibrations can also be seen on selected propulsion pressure measure- 
ments (Figure 8-10). A review of AS-510 data shows similar vibration 


at approximately 72 hertz. 


Table 8-1. Post S-II CECO 11 Hertz Engine No. 1 Gimbal Pad Oscillations 
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Because of the data characteristics, the vibration is suspected to be 
related to normal stage propulsion system operation and probably charac- 
teristic of the J-2 turbomachinery. These vibrations pose no POGO or 
any other structural concerns, and are of such low amplitude as to be 
virtually obscured in the measurement background noise. 


8.3 S-II POGO LIMITING BACKUP CUTOFF SYSTEM 


The backup cutoff system provides for automatic S-II CECO if vibration 
response levels exceed predetermined levels within the preselected fre- 
quency band. The system consists of three sensors, a two-out-of-three 
voting logic, an engine cutoff arming function, and an automatic disable 
function which is effective until the arming operation has occurred. 


The system did not produce discrete outputs at any time. The accelero- 
meter analog outruts were well below the levels which would produce a 
discrete output even during the engine start period when the system was 
not armed. After arming, the analog output did not exceed one g. 
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Figure 8-7. AS~511/AS-510 Acceleration and Pressure Oscillations During S-II 
Burn (8 to 20 Hz Filter) 
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Figure 8-8. AS-511 Pump Inlet Pressure and Thrust Pad Acceleration Oscillations 
During Accumulator Fill Transient (1 to 110 Hz Filter) 
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Figure 8-9. S-IVB Stage Vibration Envelopes 
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Figure 8-10. S-IVB Vibration Spectral Analysis 
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SECTION 9 
GUIDANCE AND NAVIGATION 


951 SUMMARY 


The Guidance and Navigation System satisfactory supported accomplish- 
ment of the mission objectives. The end condition errors at parking 
orbit insertion and translunar injection were insignificant. 


Three anusalies occurred in the Guidance and Navigation System, although 
their effect on the mission were not significant. The anomalies were: 


a. An anomalous one meter/second shift in the crossrange integrating 
accelerometer output just after liftoff (Section 9.4.1). 


b. A one second delay in ending the tower clearance yaw maneuver 
(Section 9.3). 


c. Intermittent setting of Error Monitor Register bits 13 and 14 
(Section 9.4.2). 


9.2 GUIDANCE COMPARISONS 


The post-flight guidance error analysis was based on comparisons of 
telemetered positions and velocities with corresponding data from the 
postflight trajectory (21 day Observed Mass Point Trajectory) established 
from external tracking (see paragraph 4.2). Velocity differences from 
launch to earth parking orbit (EPO) are shown in Figure 9-1] in a non- 
rotating vehicle reference coordinate system (PACSS 12). At EPO insertion 
these differences were 0.18 m/s (0.59 ft/s), 2.18 m/s (7.15 ft/s), 

and 0.38 m/s (1.25 ft/s) for vertical, crossrange, and down range 
velocities, respectively. These differences are relatively small] and 
well within the accuracy of the measuring system and/or the tracking. 

The crossrange accelerometer head apparently hit its mechanical stop at 
about 0.16 seconds causing a velocity bias of approximately 1.0 m/s 

(3.28 ft/s). This velocity shift tended to minimize rather than increase 
the out-of-plane position and velocity deviations at EPO. 


Platform velocity differences for the out-of-orbit burn mode are shown 
in Figure 9-2. At (16-7.7 seconds), the platform velocity measurements 
were set to zero in the LVDC. The corresponding trajectory data were 
adjusted by the values at 1g for comparison with the LVDC outputs. 

The differences reflect a combination of hardware errors necessary to 
compute a trajectory initialized to a parking orbit state vector solu- 
tion that would pass through a post Translunar Injection (TLI) state 
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Trajectory and ST-124M Platform Velocity 
Comparisons, Boost-to-TLI (Trajectory 


Minus LVDC) 


Trajectory and ST-124M Platform Velocity Figure 9-2. 


Comparisons, Boost-to-EPO (Trajectory 


Figure 9-1. 


Minus LVDC) 


vector. There was no tracking coverage during the second burn mode. The 
trajectory was established by adjusting the telemetered velocity measure- 
ments and integrating between the points established from orbital and 
translunar tracking. The computed velocity differences are small rela- 
tive to 3 sigma platform dispersions. 


Platform system velocity measurements at significant event times are 
shown in Table 9-1 along with corresponding data from both the postflight 
and Operational Trajectories (OT). The differences between the tele- 
metered and post-flight trajectory data reflect some combination of small 
guidance hardware errors and tracking errors along with the crossrange 
velocity bias of 1.0 m/s (3.28 ft/s) during the boost-to-EPO burn. The 
differences between the telemetered and OT values reflect differences 

in actual and nominal performance and environmental conditions. The 
values shown for the second burn mode represent component velocity change 
from Tg. The characteristic velocity determined from the telemetered 
velocities during second burn to Engine Cutoff (ECO) was 0.38 m/s (1.25 
ft/s) less than the OT which indicates slightly less performance was 
required to meet the targeted end conditions. The telemetered data indi- 
cated 0.21 m/s (0.69 ft/s) less than the post-flight trajectory. The 
total velocity measured by the platform system is considered highly 
accurate even though the components may be in error due to platform 
misalignments acquired by gyro drift from launch to re-ignition. The 
difference in indicated performance between the telemetered and post- 
flight trajectory data reflects small errors in the state vectors to which 
the guidance velocities were constrained to generate the out-of-orbit 
trajectory. The velocity increase due to thrust decay from first 

S-IVB ECO was 0.01 m/s (0.033 ft/s) less than the OT and 0.13 m/s 

(0.43 ft/s) greater after second ECO. In constructing the OT, the simu- 
lated time delay between guidance cutoff signal and engine solenoid 
activation was changed from 0.005 second to 0.050 second to account 

for significantly larger deviations noted on past flights. 


Comparisons of navigation (PACSS-13) positions, velocities, and flight 
path angle at significant event times are shown in Table 9-2. Differences 
in components of position and velocity between the LVDC and OT values 
reflect off-nominal flight environment and vehicle performance. Total 
velocity at first S-IVB ECO was as predicted with a radius vector of 

23.4 meters (76.8 feet) less than the OT. Second S-IVB ECO was given 
with 1338 m2/s2 (CT minus LVDC) orbital energy (C3) deviation from the 

OT value of -1,658,524 m@/s2. The LVDC and post-flight trajectory were 
in good agreement during boost to EPO. The shift in the measured cross- 
range velocity tended to minimize the out-of-plane component errors at 
EPO. In parking orbit, the position and velocity state vector errors 
built up as divergent oscillations and added to those amounts simply 
attributable to the programmed vent thrust. Although the component dif- 
ferences in position and velocity are rather large at TLI, the total 
velocity and radius vector are in very good agreement. The difference 

in C3 at TLI was 2383 m@/s2 (trajectory minus LVDC). Figures 9-3 

through 9-6 show the state vector differences between the post-flight 
trajectory and LVDC during parking orbit. The LVDC data between receiver 
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Figure 9-3. Comparison of LVDC and Postflight Trajectory During EPO, 
X Position and Velocity 
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Figure 9-4. Comparison of LVDC and Postflight Trajectory During 
EPO, Y Position and Velocity 
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Figure 9-5. Comparison of LVDC and Postflight Trajectory During 
EPO, Z Position and Velocity 
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stations were simulated using the flight program equations and programmed 
vent thrust. At T6, the state vector deviations were at or approaching 
a peak or minimum oscillation. 


The state vector differences during second burn are shown in Figures 9-7 
through 9-10. Although the platform velocity measurements during second 
burn mode were relatively accurate, the LVDC gravity calculations based 
on significantly different position components were in error. The velocity 
differences shown in Figures 9-7 through 9-10 reflect the measurement 
errors (Figure 9-2) and errors in gravity components in addition to the 
initial velocity differences at Tg. The state vector deviations include 
inaccuracies in the trajectory data. The vehicle was guided to the tar- 
geted end conditions with a high degree of accuracy. Vent thrust was 
higher than the programmed values for about 2000 seconds after orbital 
navigation initiation (806.1 seconds). Figure 9-11 presents the con- 
tinuous vent thrust profiles both predicted and reconstructed along with 
the three-sigma envelope. The upper portion of Figure 9-11 shows the 
orbital accelerations derived from the platform measurements adjusted 

for accelerometer bias. Also shown are the programmed and predicted 
acceleration profiles. The vent thrust was higher than predicted for the 
early portion of orbital flight, it was well within the three-sigma 
envelope and essentially nominal after about 2000 seconds into orbit. 


LVDC state vector at TLI was compared with the OT and post-flight tra- 
jectories and the differences are presented in Table 9-3. The LVDC 
radius vector was 2392.7 meters (7850.1 feet) lower than the OT and 365.5 
meters (1199.1 feet) lower than the post-flight trajectory value. Tele- 
metered total velocity was 2.05 m/s (6.73 fi/s) and 0.19 m/s (0.62 ft/s) 
higher than the OT and psot-flight trajectory values, respectively. 

The guidance system was highly successful in measuring the vehicle per- 
formance and generating commands to guide to proper terminal conditions 
as shown in Table 9-4. 


9.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION 


Based upon available data, the flight program performed all functions 
properly. However, there was an apparent timing flaw at the end of the 
tower avoidance yaw maneuver. 


All events scheduled at preset times occurred within acceptable tolerances 
with the exception of the termination of the tower avoidance yaw maneuver. 
All flight program routines, including variable launch azimuth, time 

tilt, iterative guidance, and minor loop functions, were accomplished 
properly. The timing problem in yaw maneuver termination has been traced 
to the Minor Loop Support module. All major navigation and guidance 
events were implemented within a one computation cycle tolerance follow- 
ing scheduled start and stop times. 
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Figure 9-9. Comparison of LVDC and Postflight Trajectory During 
Boost to TLI, Z Position and Velocity 
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Table 9-3. State Vector Differences at Translunar Injection 

OPERATIONAL POSTFLIGHT 

PARAMETER TRAJECTORY TRAJECTORY 
MINUS LVDC MINUS LVDC 

AXs, meters 16 ,821.1 -24,791.5 
(feet) (55,187.3) (-81 ,336.9) 

AY<, meters -85.7 -172.3 
( feet) (-281.2) (-565.3) 

AZg , meters -689 .9 -2812.1 
(feet) (-2263.5) (-9226.0) 

AR, meters 2392.7 365.5 
(feet) (7850.1) (1199.1) 

ake, m/s -1.64 -1.03 
(ft/s) (-5.38) (-3.38) 

Ayes m/s 0.92 1.73 
(ft/s) (3.02) (5.68) 

ad, m/s 13.63 -25.55 
(ft/s) (44.72) (-83.83) 

AVc, m/S -2.05 -0.19 
(ft/s) (-6.73) (-0.62) 

Table 9-4. AS-511 Guidance System Accuracy 






FIRST BURA 
ERROR 
PARAMETER DESIRED (ACHIE VED- DESIRED) 


Terminal Velocity, Vr (W/Sec) 7804 .0613 7804 .0759 0.0146 
6,544 ,846.0 6 544,842.93 -3.07 
-0. 000588 
32. 542099 
123.1391) 







Radius, Ry (Meters) 









0.0 
32. 542104 
123. 140012 


Path Angle, ° (Degrees) 






Inclination, I (Degrees) 









Descending Node, (Degrees) 






SECOND BURN 
ERROR 
DESTREN ACHIEVED (ACHIE VED-DES1 RED) 
Eccentricity, E 0.97402212 0.97403180 










32 .522707 
122455324 
- 142. 339189 


32.522531 
122.455304 
~142. WSHE 





Inclination, I (Degrees) 
Descending Node, » (Degrees) 










Argument of Perigee, <p 
(Degrees ) 


Energy, C3 (W2/Sec) 








-1,574 ,430.0 1,573,826 .62 


Termination of the tower avoidance yaw maneuver was initiated on time at 
Tl +9.0 seconds. Termination is accomplished incrementally by reducing 
the yaw attitude at a rate of -0.4 degrees per minor loop couputation 
cycle. This process was interferred with by a low priority ‘unction; 
namely, the computations required to support the minor loop waodule. The 
effect of this interference was to halt the removal of the total yaw 
attitude error. 


Subsequent execution of the Minor Loop Support module re-established the 
minor loop inertial yaw attitude angular rate and the maneuver was ter- 
minated, late, but properly. The effects of the yaw tower avoidance 
maneuver problem are presented in Section 10. 


The flight program will be reprogrammed to save the necessary data 
required to fulfill the vehicle commanded dynamics. 


The accele.acion provided by the S-IC was less than that predicted in the 
Operational Trajectory. This caused negative errors in radius and velo- 
city magnitudes at S-IC OECO and, subsequently, at Iterative Guidance 
Mode (IGM) initiation. The measured total velocity was approximately 14 
meters/second low at IGM initiation and the radius (sr altitude) was 
approximately 1540 meters low. The IGM routines reacted properly ard 
produced a somewhat flatter trcjectory profile than that predicted 

in the Operational Trajectory (OT). The pitch attitude angle during 
first burn is shown in Figure 9-12. 


The crossrange velocity was perturbed by winds during S-IC burn so that 
the velocity at IGM initiation was different from that shown in the OT. 
The Flight Program reacted properly and provided satisfactory yaw stee7- 
ing (Figure 9-13). Because the center of gravity does not lay along the 
longitudinal axis of the vehicle, pitch and yaw motions provide a coupled 
roll response. The roll attitude is shown in Figure 9-14, and is con- 
sidered to be within acceptable limits. 


Table 9-4 shows the terminal conditions for first burn. Terminal con- 
ditions were obtained by linear forward extrapolation. 


The coast phase maneuvers were accomplished satisfactorily and at pre- 
dicted times. Table 9-5 shows the maneuver times and the commanded 
steering angles. 


The initiation of orbital navigation occurred at T5 +100.78 seconds, 
within the one computation cycle tolerance of the scheduled time, T5 + 

100 seconds. Orbital navigation was within the required tolerance for 
parking orbit. Termination of orbital navigation occurred at T5 +7924.488 
seconds (T6 -7.665 seconds). 


IGM for the S-IVB stage second burn was implemented satisfactorily pro- 
ducing the terminal conditions shown in Table 9-4. The desired values 
were based uper telemetered target values and actual terminal values 
were obtained by linear forward extrapolation. The attitude angles 
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Figure 9-12. 
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Figure 9-13. AS-511 Yaw Attitude Angle, First Burn 
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Figure 9-14. 
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Table 9-5. Coast Phase Guidance Steering Commands at Major Events 


COMMANDED STEERING ANGLES, DEGREES 
FLIGHT 
PERIOD EVENT TIME, SECONDS ROLL (X) PITCH(Y) YAW(Z) 


Initiate Orbital 0.0 - 108. 3064 0.5971 
Guidance Chi-Freeze 


Initiate Maneuver to 21.333 -117.7332 0.5444 
Local Horizontal 


Initiate Orbital 100.788 - 
Navigation 





Initiate Orbital 0.0 -0.2149 
Guidance Chi-Freeze 


Initiate Orbital 151.395 - 
Navigation 


Initiate Maneuver to 151.619 0.0000 -18.2860 0.6721 
Local Horizontal 


Initiate TDO&E 900.620 180.0000 55.4896 -40.8146 
Maneuver 


TD&E Maneuver 11634.0 - 
Complete 


Initiate Lunar Impact 581.195 180.0000 67.0601 13.0220 
Local Reference 
Maneuver 


wo 
5 

— 

amd 





are shown in Figures 9-15 and 9-16 for pitch and yaw, respectively. 
The roll attitude angles were nearly nominal, being perturbed only by 
the roll torque associated with the main engine burn. 


The commanded maneuvers occurred predictably at times and with the angles 
shown in Table 9-5. Some concern caused by the setting of the error 
monitor bits in the LVDC caused the termination of telemetry from the IU 
to be initiated earlier than planned, following the initiation of the 
three-axis tumble at T8 +5819 seconds. This ended the guidance and 
navigation function for the mission. 


Ali control and error analysis functions in the Minor Loop were accom- 
plished satisfactorily. 


The pitch gimbal angle reading failed the Reasonableness Test three 
consecutive times in the computer cycle beginning at 21,541.07 seconds. 
The change per minor loop in the output of the pitch gimbal was 0.2148, 
0.2427, and 0.4883 degrees for the first, second, and third consecutive 
readings that exceeded the Reasonableness Test Constant of 0.2 degree 

per minor loop. The flight program then properly selected the pitch 

; back-up gimbal resolver for 211 subsequent Minor Loop calculations, and 

increased the Reasonableness Test Constant from 0.2 to 1.1 degrees per 
minor loop. 


: The unreasonable pitch gimbal angle readings were due to contact of the 

& platform yaw gimba! with the mechanical stop. This resulted in trans- 

4 lating yaw torque into the pitch axis causing the pitch gimbal torquer 
to drive unusually fast. 


Because Flight Control Computer (FCC) deactivation occurred 204 seconds 
prior to the first Reasonableness Test failure, this problem is relevent 
only for the evaluation of flight program error handling. This handling 
proved to be proper and predictable. No corrective action is needed. 


9.4 NAVIGATION AND GUIDANCE SYSTEM COMPONENTS 


The navigation and guidance hardware satisfactorily supported the accom- 
plishment of mission objectives. Only two anomalous incidents were observed 
in flight: the ST-124M Stabilized Platform System (SPS) crossrange 
accelerometer contacted a mechanical stop during liftoff vibration and the 
LVDC issued several Error Monitor Register (EMR) indications during the 
terminal portion of the IU mission. 


The Stabilized Platform Subsystem (SPS) showed no evidence of hardware 
damage and the velocity shift caused by accelerometer contact with a 
mechanical stop did not impact the mission. The Error Monitor Register 
indications in the LVDC were caused probably by an intermittent redundant 
delay line. Th*s intermittent loss of redundancy did not affect any 

data flow in the LVDC and, therefore, did not impact mission success. 
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Starting at 21541.07 seconds, following the establishing of the three- 
axis tumble, the SPS Z gimbal contacted one of the mechanical stops for 
three different periods. As described in Section 9.3, this resulted in 
the ay Reasonableness Test failures and a transver to a backup gimbal 
resolver. 


9.4.1 ST-124M Stabilized Piatform System 


The three gyro locps were relatively quiet during liftoff. The accelero- 
meter servo loops operated within previously experienced limits. 


At 0.16 second, the Y accelerometer pickoff apparently contacted one of 

the mechanical stops set at 5.75 +0.25 degrees either side of null, 
resulting in an approximate 1 meter/second Y velocity shift. The shift 

was detected by the .VDA between C.064 and 0.306 second. A more precise 
determination of the time of the shift was not possible because continuous 
telemetry of the velocity output pulses was not provided for this mission. 
The velocity shift was similar to shifts observed during the liftoff vibra- 
tion on AS-506 and AS-598. 


A cross-analysis was performed on the Power Spectral Densities (PSD) 

of the pickoff deflection measurement (H12-603) and a vibration measure- 
ment (E40-603) located on the upper IU ring at Position IV. Figure 9-17 
is the amplitude correlation of these two measurements. It can be seen 
that significant energy at 33 Hz was present to excite the accelerometer 
servo loop at its resonant frequency. 


A change has been initiated for AS-513 (Skylab 1) to preclude vibration 
induced shifts during the launch period by taking the ST-124M accelero- 
meter (Y and Z) readings out of the navigation loop from GRR to (T1 +10 
seconds). The navigation scheme will employ preflight predictions during 
this interval of time. 


9.4.2 LVDC and LVDA 


The LVDA and LVDC performed satisfactorily for the AS-511 mission with 
the exception of a series of Error Monitor Register (EMR) bits 13 and 14 
indications of Triple Mocular Redundant (TMR) logic signal disagreements 
which occurred for approximately 376 seconds beginning at 24,210 seconds. 
No indication of component malfunction was observed prior to the indica- 
tions of EMR bits 13 and 14 commencing at 24,210 seconds. 


In general, the LVDA Error Monitor Register (EMR) bits are set by disagree- 
ment cetectors which monitor selected LVDC and LVDA logic signals. Each 
disagreement detector is gatec by one of four clock pulses which comprise 
the basic computer timing. When an [MR bit is set as a result of a 
detected signal disagreement, the LVDA automatically generates an Error 
Time Word (ETW) which can be decoded to give the contents of the LVDC 
instructior counter, the phase, cit gate, and clock time at the time of 
failure. 
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TEST AS-511 FILTER B.W. 0.999 Hz 
LINK/CHAN DFL-13 SAMPLE RATE 400 .000/SEC 
SLICE TIite -0.500 TO 1.500 R-COMP -RRV 453-3323 
MEAS. NO. H12-603 COMP. RMS 0.964 
MESS. NO. E40-603 COMP. RMS 1.613 
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Figure 9-17. Amplitude of Cross-Analysis 





The Error Time Word data indicates multiple failure or a single failure 
common to all channels of DL44 ard DL44SA signal flow. The most probable 
condition was identified as a single failure. Since the delay line ele- 
ment presents a greater contribution to the LVDC failure rate than 

the other failure candidates, it is concluded that the 44-micros2cond 
delay line failure is the most probable cause of the EMR bits 13 and 14. 
The safety feature inherent tc the triple redundant design prevented the 


system from deviating from its nominal performance. No corrective action 
is required. 


The LVDA performed satisfactorily. However, three EMR bit 3 indications 
were observeac indicating cn intervupt latch signal disagreement as a 
result of the inherent cifferences between the rise time responses of 

the Triple Modular Redundant (TMR) Digital Command System interrupt 

input circuits. As previously, these disagreements did not impact mission 
success and are not considered as malfunctions. 
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SECTION 10 
CONTROL AND SEPARATION 


10.1 SUMMARY 


The control and separation systems functioned correctly throughout the 
flight of AS-511. Engine gimbal deflections were nominal and Auxiliary 
Propulsion Systems (APS) firings predictable. Bending and slosh dynamics 
were adequately stabilized. No undue dynamics accompanied any separation. 
Some problems did appear within the control system and these are dis- 
cussed below in conjunction with system performance. 


10.2 S-IC CONTROL SYSTEM EVALUATION 
10.2.1 Liftoff Clearances 


The AS-511 postflight data revealed an anomaly in the liftoff yaw maneuver. 
Figure 10-1 shows that the actual yaw maneuver ended more than one second 
later than predicted. The control system responded correctly to the yaw 
guidance commands and the anomaly had little effect on tower clearance 
for this flight. However, if the same delay would have occurred at the 
beginning of the yaw maneuver, it may have reduced the clearance signi- 
ficantly, see Section 9.3. Figure 10-2 shows that a liftoff simulation 
with flight data used less than 10 percent of the availabie clearance. 
Even though the yaw maneuver ended more than one second late, the recon- 
structed yaw attitude and the plume angle were within predicted envelopes 
(Figure 10-2). The ground wind was from the west (256 degree azimuth) 
with a magnitude of 5.14 meters/second at the 161.5 meter (530 foot) 
level. Table 10-1] summarizes liftoff conditions and misalignments. 


10.2.2 Inflight Dynamics 


The AS-511 control system performed satisfactorily during S-IC boost. 

The peak measured wind speed was 26.1 meters/second at 11.85 kilometers 
with an azimuth of 257 deqrees. However, the q-ball data indicates that 
the actual peak wind speed encountered by the vehicle was 21.2 meters/ 
second at the same altitude and azimuth. Both wind speeds are smaller 
than the 50 percentile April wind. Approximately 10 percent of the avail- 
able pitch plane engine deflection was used (based on the average pitch 
engine gimbal angle). Time histories of pitch and yaw control parameters 


are shown in Figures 10-3 through 10-5, with peaks summarized in Table 10-2. 
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Figure 10-1. AS-511 Liftoff Yaw Maneuver 
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Figure 10-2. AS-511 Reconstructed Liftoff Trajectory 
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Figure 10-4. Yaw Plane Dynamics During S-IC Burn 
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Table 10-1. AS-511 Misalignment and Liftoff Conditions Summary 


PREDICTED 30 RANGE LAUNCH 
PARAMETER 

Tre Tm [eae [over [wT 
Thrust Misalignment, +0. 34 +0.34 | +0.34 0.0 0.06 0.0 
deg Zz 
Center Engine Cant, 40.34 | +0.34 - 0.17 0.¢7 - 
4eg 
Vehicle Stacking and +0.29 +0. 29 0.0 -0.10 -0.0) 0.0 
Pad Misalignment, \ 
deg 
Attitude Error at - - -0.16 -0.01 0.03 
Holddown Arm 
Release, deg 
Peak Soft Release 415,900 (93,500) * 
Force Per Rod, 
N( Ibf) 
Wind 19.55 M/S (38 Knots) 5.14 WS (10.0 Knots) 

at 161.5 Meters at 161.5 Meters 
(530 Feet) (530 Feet) 

Thrust to Weight 1.190 1.204e8 


*Data not available. 


wee by simulating vehicle rise history recorded by camera during 
ftoff 






Table 10-2. Maximum Control Parameters During S-IC Burn 




















PARAMETERS 
AMPLITUDE ie AMPLITUCE 
Z (SEC) 
Attitude Error, deg 1.24 86.9 | -1.18 
Angular Rete, deg/s -1.01 88.7 0.72 
Average Gimbal An le, 0.48 86.6 -0.55 
oe 

hngle of Attack, deg 2.49 8.9 | -3.93 
Angle of Attack 
Dynamic Pressure 
Product, deg-N/CM< 8.67 85.9 5.9€ 
(dec- ibf/ ft) (1810) | (1250) 
Norma] | 
Acceleration, m/s“ | % 7 (0.34 
{ ft/s?) | (112) 
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Dynamics in the region between 0 and 40 seconds resulted primarily from 
guidance commands. Between 40 and 110 seconds vehicle dynamics were 
caused by the pitch guidance program and wind magnitude and shears. 
Dynamics from 110 seconds to S-IC outboard engine shutdown were caused 
by separated airflow aerodynamics, inboard engine shutdown, tilt arrest, 
and high altitude winds. 


The attitude errors between liftoff and 20 seconds indicated that the 
equivalent thrust vector inisalignments before the start of outboard 
engine cant were (.01, 0.06, and 0.00 degrees in pitch, yaw, and roll, 
respectively. After a nominal outboard engine cant was introduced these 
misalignments became 0.1, 0.02, and 0.01 dearees. The transient in the 
attitude errors at center engine cutoff indicates that the center engine 
cant was 0.1] degree in pitch and 0.07 degree in yaw. 


All dyramics were within vehicle capability. Vehicle attitude errors 
required to trim out the effects of thrust unbalance, offset center of 

grav .y, thrust vector misalignment, and control system misalianments 

were withir predicted envelopes. The peak angles of attack in the maximum 
dynamic pressure region were 2.49 degrees in pitch and 1.84 degrees in yaw 
In this region wind shears caused maximum average pitch and yaw engine 
deflections of 0.48 and 0.29 degrees, respectively. No divergent bending 

or slosh dynamics were observed, indicating that these modes were adequately 
Stabilized. Vehicle dynamics prior to S-IC/S-II first plane separation 
were within staging requirements. 


10.3 S-II CONTROL SYSTEM EVALUATION 


The S-II stace attitude contre! system performance was satisfactory. The 
vehicle dynamics were within expectations at ali times. The maximum 
values of pitch and yaw parameters occurred in response to Iterative Guid- 
ance Mode (IGM) Fnase I initiation. The maximum values of roll control 
parameters occurred in response to S-IC/S-II separation conditions. The 
maximum control parameter values for the period of S-II burn are shown in 
Table 10-3. The maximum average gimbal angle deflection occurring during 
S-II flight is shown to be less than the amount developed by the problem 
which appeared in the Flight Readiness Test (see Section 3.2.2). 


Table 10.3 Maximun Control Parameters During S-II Burn 


YAw PLANE ROLL PLANE 


AMPLITUDE | RANGE TIME | AMPLITUDE 
= (Sic) 











PITCH PL «NE 


AMPLITUDE] RANGE TIME 
(SEC) 
















(SEC) 







Attitude Error, deg 
Angular Pate, deg/s 


Maximum Gimbal Angle, 
deg 


lu-& 


Between S-IC OECO and initiation of IGM Phase I, commands were held 
constant. Sianificant events occurring during this interval were S-IC/ 
S-IT separacion, S-II] stage J-2 engine start, second plane separation, 
and Launch Escape Tower (LET) jettison. Pitch and yaw dynamics during 
this interval indicated adequate control stability as shown in Figures 
10-6 and 10-7, respectively. Steady state attitudes were achieved within 
10 seconds from S-IC/S-II separation. 


At IGM initiation, guidance commands caused the vehicle to pitch up. 
During IGM, the vehicle pitched down at a constant commanded rate of 
approximately -0.1 deg/sec. The transient magnitudes experienced were 
Similar tc previous flights. At S-II CECO, the guidance routines 
reacted properly to the decrease in total thrust. 


Flight and simulated dita comparison, Figures 10-6 and 10-7, show agree- 
ment at those events of greatest control system activity. Differences 
between the two can be accounted for largely by engine location misalign- 
ments, thrust vector misalignments, and uncertainties in engine thrust 
buildup characveristics. The inflight thrust misalignments (with effects 
of center of gravity offset i cluded) were found to be 0.1 degree about 
each axis. 


10.4 S-IVB CONTROL SYSTEM EVALUATION 


The S-IVB Thrust Vector Control (TVC) system provided satisfactory pitch and 
yaw control during powered flight. The APS provided satisfactory rol] con- 
trol during first and second burns. 


During S-IVB first and second burns, control system transients were 
experienced at S-IJ/S-IVB senaration, guidance initiation, Mixture Ratio 
(MR) shift, terminal guidance mode, and S-IVB Engine Cutoff (ECO). These 
transients were expected and were well within the capabilities of the 
control system. 


10.4.) Control System Evaluation During First Burn 


S-IVB first burn pitch attitude error, angular rate, and actuator position 
are presented in Figure 10-8. First burn yaw plane dynamics are presented 
in Figure 10-9. T.-e maximum attitude errors and rates occurred at IGM 
initiation. A summary of the first burn maximum values of critical flight 
control parameters is presented in Table 10-4. 


The pitch and yaw effective thrust vector misalignments during first burn 

were 0.25 and -0.28 degree, respectively. A steady state roll torque of 

15.0 N-m (11.1 1bf-ft) counterclockwise looking forward required roll APS 
= firings during first burn. The steady state roll torque experienced on 
Be previous flights has ranged between 61.4 N-r (45.3 1bf-ft) counterclock- 
wise and 54.2 N-m (40.0 lbf-ft) clockwise. 
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Table 10-4. Maximum Control Parameters During S-IVB First Burn 


PITCH PLANE YAW PLANE ROLL PLANE 


PARAMETER ampuituoe | PAGE) ME avec | aepuitupe | RANGE. ME 


630 














Attitude Error, deg * 









Angular Rate, deg/s 571.5 













Maximum Gimbal Angie, 
deg 






*Biases have been cemoved from attitude error values. 





Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) mass sensors. The propellant slosh did 
not have any noticeable effect on the operation of the attitude control 
system. 


10.4.2 Control System Evaluation During Parking Orbit 


The APS provided satisfactory orientation and stabilization during parking 
orbit. Following S-IVB first ECO, the vehicle was maneuvered to the in- 
plane local horizontal, and the orbital pitch rate was established. The 
pitch attitude error and pitch angular rate for this maneuver are shown 

in Figure 10-10. 
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Figure 10-10. Pitch Plane Dynamics During Parking Orbit 
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The maneuver to the local horizontal on AS-511 incorporated the lower rate 
of change of mincr loop guidance commands (0.14 deg/sec) for TB5 in order 
to minimize sloshing disturbances which caused venting of LOX on AS-510. 
Available data indicate that sloshing was significantly reduced on AS-511. 
Tne LOX ullage pressure remained below the relief setting throughout 
parking orbit and did not exhibit as severe a pressure rise during the 
maneuver to the local horizonta] as was observed on AS-510. 


t approximately 970 seconds (00:16:10) an APS internal leak of high pres- 
sure helium into the propellant tank uliage caused high propellant tank 
pressure in APS Module 2 (see Section 7.12.2 for complete discussion) This 
high ullage pressure resulted in relief venting and high thrust for Module 
2 attitude control engines and ullage engine for the duration of the mission. 
The high thrust caused no attitude control problems, but more velocity 
change than expected was obtained from the remaining ullage burns. 


At approximately 3600 seconds (01:00:00) an APS external leak of high 
pressure helium occurred in Module 1. Because of this leak the lunar 
impact exercise was modified (see paragraph 10.4.4 and Section 7.12.2). 


10.4.3 Control] System Evaluation During Second Burn 


S-IVB second burn pitch attitude error, angular rate, and actuator position 
are presented in Figure 10-11. Second s.urn yaw plane dynamics are pre- 
sentea in Figure 10-12. The maximum attitude errors and rates occurred at 
guidance initiation. Transients were also observed as a result of the 
pitch and yaw attitude commands at the termination of the artificial Tau 
guidance mode (27 seconds before ECO). 


A summary of the second burn maximum flight control parameter values is 
presented in Table 10-5. 


Table 10-5. Maximum Control Parameters During S-IVB Second Burn 


PARAMETER avpuitune | RYE SIME awpurtune| PAYEE) ME |] ampuitupe | RAISE) IME 


Attitude Error, deg* 


| Angular Rate, deg/s 





Maximum Gimbal] Angle, 


deg 
om attitude error values. 


| *Biases Pave been removed fr 








10-15 


S-IYB BURN MODE ON "B", 9216.4 SEC 
GUIDANCE INITIATION, 9222.6 SEC 


BEGIN TERMINAL GUIDANCE 


BEGIN CH] FREEZE 
S-IVB SECOND ECO 


Bap ‘(df JSON 
JAILISOd) YyOuNR 
FONLILIY HOLId 


s/5ap -3ivd 
YVINONY HILId 





Bap *(L9vaL ze 
BAILISOd) NOILISOd 
YOLWNLIY HOLId 


RANGE TIME, SECONDS 


02:38:40 02:40:00 


02:36:00 02:37:20 
RANGE TIME, HOURS: MINUTES :SECONDS 


02:34:49 


02:33:20 


Pitch Plane Dynamics During S-IVB Second Burn 


Figure 10-11. 
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Figure 10-12. Yaw Plane Dynamics During S-IVB Second Burn 
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The pitch and yaw effective thrust vector misalignments during second 
burn were approximately 0.43 and -0.44 degree, respectively. The steady 
state roll torque during second burn ranged from 5.6 N-m (4.2 lbf-ft), 
counterclockwise looking forward, at the low MR to 19.7 N-m (14.6 Ibf-ft) 
at the 5.0 MR. 


Propeilant sloshing during second burn was observed cn 4ata obtained from 
the PU mass sensors. The propellant slosh did not have any noticeable 
effect on the operation of the attitude control system. 


10.4.4 Control System Evaluation After S-IVB Second Burn 


The APS provided satisfactory orientation and stabilization from trans- 
lunar injection (TLI) through the S-IVb/iU passive thermal control 
maneuver (Three-Axis Tumble Maneuver). Each of the planned maneuvers 
were performed satisfactorily. 


Significant periods of interest related to translunar coast attitude con- 
trol were the maneuver to the in-plane joca) horizontal following second 
burn cutoff, the maneuver to the TD&E attitude, spacecraft separation, 
spacecraft docking, lunar module extraction, the maneuver to the evasive 
ullage burn attitude, the maneuver to the nominal LOX dump attitude, the 
maneuver to the optimum LOX dump attitude, the maneuver to the lunar 
impact ullage burn attitude, and the "Three-Axis Tumble Maneuver.“ 


The pitch attitude error and angular rate for events during which tele- 
metry data were available are shown in Figure 10-13. 


Following S-IVB second cutoff, the vehicle was maneuvered to the in-plane 
local horizontal at 9710 seconds (02:41:50) (through sopros imately -25 
degrees in pitch and -1.0 degree in yaw), and an orbital! pitch rate was 
established. Then the vehicle was commanded to maneuver to the separation : 
TD&E attitude at 10,459 seconds (02:54:19) (through approximately 120, -40, 4 
and -180 degrees in pitch, yaw. and roll, vespects ly); 


Spacecraft separation, which occurred at 11,099 seconds (03:04:59), : 
appeared normal, as indicated by the relatively small disturbances in- 
duced on the S-IVB. : 


Disturbances during spacecraft docking, which occurred at 12,113 seconds P 
(03:21:53), were less than on previous flights. Docking disturbances 
required 1,540 N-sec (346 ibf-sec) of impulse from Module 1 and 1,152 
N-sec (259 1bf-sec) of impulse from Module 2. The largest docking : 
disturbances on previous flights occurred on AS-510 and required 3,480 
N-sec (783 Ibf-sec) of impulse from Module 1 and 3,040 N-sec (683 lbf-sec) 
of impulse from Module 2. Lunar wudule extraction occurred at 14,355 
seconds (03:59:15) with normal disturbances. 
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Figure 10-13. Pitch Plane Dynamics During Translunar Coast (Sheet 3 of 5) 
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Figure 10-13. Pitch Plane Dynamics During Translunar Coast (Sheet 5 of 5) 


At approximately 15,001 seconds (04:10:01) a yaw maneuver from -40.8 
degrees (TD&E attitude) to 40.0 degrees was initiated to attain the 
desired attitude for the evasive ullage Lurn. At 15,488 seconds 
(04:18:08) the APS ullage engines were commanded on for 80 seconds to 
increase the separation distance between the S-IVB and spacecraft. 


Because of a projected early loss of attitude control, due to the APS 
leak problem, the LOX dump was performed at an optimum attitude for per- 
formance rather than at the preprogrammed attitude. Initial attempts 

to uplink the desired attitude were unsuccessful and the vehicle 
maneuvered to the preprogrammed LOX dump attitude 16,068 seconds 
(04:27:48). This was a two-axis maneuver with pitch commanded from 
176.0 to 189.0 degrees and yaw from 40.0 to 14.0 degrees referenced to 
the in-plane local horizontal. Subsequent to the completion of this 
maneuver the alternate LOX dump attitude command was successfully up- 
linked and the resulting maneuver was performed at 16,269 seconds 
(04:31:09). This was also a two-axis maneuver with pitch commanded from 
189.0 to 237.0 degrees and yaw from 14.0 to 6.0 degrees referenced to 
the in-plane local horizontal. LOX dump occurred at 16,767 seconds 
(04:39:27) and lasted for 48 seconds. 


Post flight analyses of onboard accelerometer and LOX flowmeter data 


indicated three periods of momentary ullage gas ingestion during the LOX 
dump. (See Section 7.13.2 for details on the ullage gas ingestion effect 
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on LOX dump performance). The gas ingestion is attributed to LOX slosh 
as the time intervals between the gas ingestion occurrences correspond 
favorably with calculated LOX slosh frequency. The LOX sloshing was 
apparently caused by a combination of the large amplitude optimum LOX 
dump maneuver in the pitch plane and the proximity of the maneuver 

to LOX dump. On AS-511 there was approximately 300 seconds less time 
between the termination of LOX dump maneuver activity and the initia- 
tion of LOX dump than on previous missions. 


At 19,637 seconds (05:30:37) a ground command was sent to perform a 
maneuver to the desired attitude for the APS ullage burn for lunar target 
impact. This was also a two-axis maneuver and resulted in a pitch mane- 
uver change from 237.0 to 213.0 degrees and a yaw attitude maneuver change 
from 6.0 to -33.9 degrees referenced to the in-plane local horizontal. 

At 20,407 seconds (04:40:07) the APS ullage engines were commanded on for 
54 seconds to provide velocity change for lunar target impact. 


The command to initiate the "Three-Axis Tumble Maneuver" was received at 
21,306 seconds (05:55:06). This maneuver consisted of commanding the 
vehicle 3] degrees in both pitch and yaw and -31 degrees in roll. 

After vehicle angular rates of approximately -0.3 degree/second in 

pitch, -0.3 degree/second in yaw, and 0.4 degree/second in roll were 
established, a ground command was received (Flight Control Computer Power 
Off B) at 21,337 seconds (05:55:37) to inhibit the IU Flight Control 
Computer leaving the vehicle in a three-axis tumble mode. 


APS propellant consumption for attitude control and propellant settling 
prior to the APS burn for lunar target impact was lower than the mean 
predicted requirement for Module i and slightly higher than the plus three 
sigma requirement for Module 2. The higher propellant usage from Module 2 
‘$ attributed to the higher propellant supply pressure. The greater part 
of this usage occurred during the ullage engine burns prior to restart 

and for the evasive maneuver. Due to this increased pressure, the propel- 
lant flow rate was higher for both the ullage and attitude control engines 
in Module 2. The unbalanced ullage thrust between Module ) and 2 also 
increased pitch attitude contro] engine propellant usage in Module 2. 


10.5 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 

All control functions performed in the Flight Program Minor Loop and in 
the Fiight Control Subsystems were accomplished satisfactorily. One 
anomaly did occur during the launch countdown in the backup yaw rate 

gyro channel of the Flight Control] System and is discussed in Section 3.3. 
10.6 SEPARATION 

10 6.1 S-IC/S-Ii Separation 

S-IC/S-II separation and associated sequencing was accomplished as planned. 


Subsequent S-IC and “-II stage dynamics provided adequate clearance when 
S-i1Il fuel lead was initiated, (Figure 10-14). 
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S-IC-11 was the first stage to use eight retromotors for separation com- 

bined with a 1.7 second delay between OECO and retromotor ignition signal. 
By comparison, S-IC-10 used four retromotors with a 1.7 second delay, and 
S-IC-1 through S-IC-9 used eight retromotors with a 0.7 second delay. 


Average retromotor thrust appeared nominal based on partial data obtained 
from three accelerometer measurements. However, the data were insufficient 
to determine the burn time or total] available impulse of the retromotors. 


Pitch and yaw attitude errors and rates during staging were insignificant. 
The maximum rol] attitude error and angular rate were approximately -2 
degrees and 2 degrees per second, respectively, which is within the 

range experienced in previous flights. Minimum lateral clearance between 
the J-2 engines and the S-IC stage wes approximately 1.3 meters (51 
inches). Figure 10-14 shows that clearance distances remained well 

above the S-IC and S-II stage environment limits. 
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10.6.2 S-II Second Plane Separation Evaluation 


The AS-511 flight was not instrumented for monitoring second plane separa- 
tion. To give an indication of the dynamics of second plane separation, 
based on available flight data, the dynamics of both the second stage and 
the separating interstage were calculated. These calculations utilized 
appropriate initial] trajectory conditions, post-flight mass characteristics, 
engine gimbal angles, J-2 engine thrusts, and predicted J-2 engine piume 
characteristics. 


The calculated dynamics of separation show no significant differences from 
previous flights. The separation was complete when the interstage passed 
the bottom of the J-2 engines and occurred at approximately 194.6 seconds. 


Attitude errors and rates remained nea zero during second plane separa- 
tion. The lateral clearance between the interstage and the engines was 
computed to give a minimum clearance of 1.1 meters (41 inches) between 
engine 4 and the interstage ring at vehicle station 39.7 meters (1564 
inches). The separation plane is located at vehicle station 44.7 meters 
(1760 inches). 


10.6.3 S-II/S-IVB Separation 


S-II/S-IVB Separation Command was verified as sent from the IU, and the 
S-II retromotor Exploding Bridge Wire (EBW) was fired. The S-IVB ullage 
motors were fired, and normal acceleration was observed on the S-IVB 
during ullage motor firing. Vehicle dynamics were normal, and well within 
Staging limits. 


10.6.4 S-IVB/CSM Separation 


At 10,459 seconds (02:54:19) a maneuver to the TD&E attitude was initiated 
to assure proper lighting and communication conditions for spacecraft 
separation, docking, and Junar module extraction. The vehicle was com- 
manded to pitch 120 degrees, yaw -40 degrees, and roll] -180 degrees. This 
attitude was held inertially until the beginning of the evasive maneuver. 
The vehicle motion during the maneuver was close to predicted with maxi- 
mum vehicle rates of 0.85 deg/sec, 0.66 deg/sec, and -1.00 deg/sec in 

the pitch, yaw, and roll axes, respectively. 


Transients due to spacecraft separation (approximately 11,099 seconds 
[03:04:59]) appeared normal. Yaw/roll APS firings were observed in 
response to vibrations experienced at separation. A slight pitch rate 
(approximately 6.05 deg/sec) was caused by separation and was nulled by 
three Module 1 pitch firings approximately 20 seconds after separation. 


All attitude errors remained within the 1 degree deadband during the 
separation process. 
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SECTION 11 
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM 


1.1 SUMMARY 


The AS-511 launch vehicle electrical systems and Emergency Detection 
System (EDS) performed satisfactorily throughout the required period 

of flight. There was, however, an anomaly in the S-II ignition bus 
voltage indications during and after the ignition sequence. The S-IVB 
forward Battery No. 2 depleted early as on AS-510 and did not deliver its 
rated capacity. Operation of all other batteries, power supplies, 
inverters, Exploding Bridge Wire (EBW) firing units and switch selectors 
was normal. 


11.2 S-IC STAGE ELECTRICAL SYSTEM 


The S-IC stage electrical system performance was satisfactory. Battery 
voltages were within performance limits of 26.5 to 32.0 vdc during powered 
flight. The battery currents were near predicted and below the maximum 
limits of 50 amperes for each battery. Battery power consumption was 
within the rated capacity of each battery, as shown in Table 11-1. 


Table 11-1. S-IC Stage Battery Power Consumption 


POWER CONSUMPTION* 


RATED 
BUS CAPACITY 
BATTERY DESIGNATION | (AMP-MIN) 


Op2rational 
Instrumentation 


*Battery power consumptions were calculated from power transfer 
(T-50 seconds) until S-IC/S-II separation. 





11.3 S-I] UTAGE ELECTRICAL SYSTEM 


The S-II stage electrical system performed satisfactorily. With the excep- 
tion of the ignition bus, all battery voltages remained within specified 
limits through the prelaunch and flight periods. Bus currents also remained 
within required and predicted limits. Main bus current averaged 30 amperes 
during S-IC boost and varied from 45 to 51 amperes during S-II boost. 
Instrumentation bus current averaged 2] amperes during S-IC and S-II boost. 
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Recirculation bus current averaged 88 emperes during S-IC boost. Ignition 
bus current averaged 30 amperes during the S-II ignition sequence. Bat- 
tery power consumption was within the rated capacity of each battery, as 
shown in Table 11-2. 

Table 11-2. S-II Stage Battery Current Consumption 


BUS RATED 
BATTERY DESIG- | CAPACITY PERCENT OF 
NATION CAPACITY 


Instrumentation 


Main 


Recirculation No. 1 


Recirculation No. 2 


*Battery current consumptions were calculated from activation until S-II/ 
S-IVB separation and include 6.5 to 6.9 Amp-Hr consumed during the battery 
activation procedure. 





11.3.1 S-II Ignition System Electrical Network Anomaly 


The S-II ignition bus voltage, measurement M0125-207, indicated an ano- 
malous drop of approximately one volt during the ignition sequence and 
then dropped to zero 1.2 seconds after the ignition sequence was over. 


Approximately 4 seconds prior to the drop of the ignition bus voltage, 

the ignition battery temperature measurement failed. However, it is 
highly unlikely that the temperature measurement failure is related to 

the indicated voltage drop. The temperature data has the distinct charac- 
teristics of a measurement failure, because the indicated temperature 
change is too sudden to represent a real thermal environment change. 


There was no failure of the ignition system battery since measurement 
M111-207, which measures the series combination ot both the ignition and 
recirculation batteries, remained close to 60 volts during this period. 

If either battery had failed, the voltage reading would have been considerably 
less than 60 volts. 


The failure denoted by the ignition voltage measurement (M0125-207) may 
be a measurement failure but suggests a possible failure in the electrical 
networks. It is not possible to assign a positive cause for this anomaly 
with the limited data available. An inspection of the electrical network 
is planned for S-II-12 to assure that a network problem does not occur. 
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11.4 S-I1VB STAGE ELECTRICAL SYSTEM 
11.4.1 Summary 


The S-IVB stage electrical system performance was satisfactory. The 
battery voltages, currents, and temperatures remained within the normal 
range beyond the required battery lifetime, except Forward No. 2 Battery 
which depleted at 23,220 seconds, (96:27:00) after supplying only 83.0 
percent of the rated capacity. Battery voltage and currents are shown 
in Figures 11-1] through 11-5. Battery power consumption and capacity 
for each battery are shown in Table 11-3. 


The three 5-vdc and seven 20-vdc excitation modules all performed within 
acceptable limits. The LOX and LH» chilldown inverters performed 
satisfactorily. 


All switch selector channels functioned as commanded by the IU and were 
within required time limits. 


Performance of the EBW circuitry for the separation system was satisfactory. 
Firing units charge and discharge responses were within predicted time an 
voltage limits. The range safety command system EBW firing units were 

in the required state-of-readiness for vehicle destruct, had it been 
necessary. 


11.4.2 S-IVB Forward Battery No. 2 Battery Performance 


The S-IVE Forward No. 2 Battery completed its mission requirement of 12.7 
amp-hours at the time of the evasive maneuver at 15,568 secords. However, 
this battery depleted early and did not deliver its rated capacity of 24.6 
amp-hours. Forward No. 2 Battery voltage dropped below 26V (depletion 

by definition) at 23,220 seconds (6 hours 27 minutes). Calculated capa- 
city actually delivered was approximately 20.4-amp-hours. 


On AS-510 the S-IVB Forward Battery No. 2 depleted at approximately 

26,620 seconds (7 hours 7 minutes) after supplying only 89.7 percent 

of its rated capacity. Vendor failure analysis on AS-510 backup batteries 
revealed three problem areas: (1) insufficient silver on positive plate, 
(2) excessive negative plate limiting*, and (3) informal (i.e., no formal 
acceptance or rejection criterion) cell block testing. The AS-510 backup 
batteries delivered 27 amp-hours capacity under ground test conditions. 


*Negative Plate Limiting is the reduction of chemical action between the 


cell electrolyte and the negative plate caused by the plate material 
having a high density. 
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Figure 11-3. 
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Figure 11-5. S-IVB Stage Aft No. 2 Battery Voltage and Current 


Table 11-3. S-IVB Stage Battery Power Consumption 





— RATED PERCENT 
BATTERY CAPACITY POWER CONSUMTPION OF RATED 
(AMP-HRS ) AMP-HRS CAPACITY 
Forward No. } 227 .5 107.0% 47.0 
Forward No. 2 24.6 20.4** 83.0 
Aft No. 1 227.5 81.5° 36.0 
Aft No. 2 66.5 40.0* 60.0 


From Battery Activation until Passive Thermal Control (at 21,337 seconds ) 


From Battery Activation until battery depleted (dropped below 26.0 volts) 
at 23,220 seconds. 





The roll-off characteristics of the S-IVB #2 batteries during AS-510 
and AS-511 flights (Figures 11-2 and 11-3) demonstrated characteristics 
identified with excessive negative plate limiting as did the four 
batteries which failed formal cell block testing. 


The batch test performed on the AS-511 cells showed that 17% of the cells 
exhibited excessive negative plate limiting. Excessive negative plate 
limiting of new cells is difficult to discover except by testing a cell 
to energy depletion. The most prominent effect of negative limiting 
identified prior to flight was reduced shelf life. Since the batteries 
were new, this condition was acceptable. However, the inflight battery 
temperature gradient characteristics apparently provided a colder active 
cell temperature than telemetered temperature data indicated. It was 

not known that plate limiting coupled with the cooler in-flight thermal 
environment would cause an additional reduction in service capacity. 
Corrective action for AS-512 includes improved testing and quality control. 


17.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 


11.5.1 Summary 


The IU power distribution network for AS-5i1 like AS-510 was configured 
to provide redundant power to the ST-124 platform and its associated 
components by diode "OR'ing" the 6D10 and 6D30 batteries. This con- 
figuration performed satisfactorily throughvut the flight (see paragraph 
11.5.2). All battery voltages, currents, and temperatures remained in 
the normal range during launch and coast periods of flight. Battery 
voltages, currents, and temperatures are shown in Figures 11-6 through 
11-9. Battery power consumption and capacity for each battery are shown 
in Table 11-4. 
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Figure 11-9. 


Table 11-4. IU Battery Power Consumption 


RATED POWER CONSUMPTION 


CAPACITY PERCENT OF 
BATTERY (AMP -HR ) AMP-HR CAPACITY 


Actual usage was computed from battery activation to 27,643 
seconds (7:40:43) when CCS telemetry was inhibited. 


The CCS which was powered by the 6D20 battery failed at 97,799 
seconds (27:09:59). Power consumption until CCS failure was 
calculated based on nominal operation. 





The 56-vdc power supply maintained an output voltage of 56.2 to 56.6 vdc, 
well within the required tolerance of 56 +2.5 vdc. 


The 5-vdc measuring power supply performed nominally, maintaining a 
constant voltage within specified tolerances. 


The switch selector, electrical distributors, and network cabling per- 
formed nominally. 


11.5.2 Battery Analysis 


The expected shifts in the 6D10 and 6D30 currents, (during S-IC burn) 

due to the ST-124 platform requirements and the diode "OR'ed" configuration 
of the 6D10 and 6D30 batteries, reached a maximum of 24 amperes for 6D10 
and 26 amperes for 6D30 and an average of 20 amperes for 6D10 and 22 
amperes for 6D30. (See Figure 11-6 and Figure 11-8) 


The 6020 battery temperature varied between 13°C and 19°C indicating a 
stable condition for the 4.0 amp load. (See Figure 11-7) 


Battery 6040 voltage and current were in the predicted range until 


approximately 18,000 seconds, when the Environmental Control System (ECS) 
coolant pump(s) cavitated (see Section 14.4). This condition resulted 


11-14 


in reduced current requirements (32 amps to 18 amps) during the period 
of pump cavitation (18,000 to 24,900 seconds). At approximately 24,950 
through 26,100 seconds high current spikes (with corresponding voltage 
dips) were recorded, indicating pump failure, and from 26,100 seconds 
to the end of recorded data, 6D40 current remained at 11] amos which 
indicates that the coolant pump was no longer drawing current from the 
battery. (See Figure 11-9) 


Vise SATURN V EMERGENCY DETECTION SYSTEM (EDS) 


The performance of *he AS-511 EDS was normal and no abort limits were 
exceeded. All switch selector events associated with EDS for which data 
are available were issued at the nominal times. The discrete indications 
for EDS events also functioned normally. The performance of all thrust 
OK pressure switches and associated voting logic, which monitors engine 
Status, was nominal insofar as EDS operation was concerned. S-II and 
S-IVB tank ullage pressures remained below the abort limits, and EDS 
displays to the crew were normal. 


The maximum dynamic pressure difference sensed by the Q-ball was 1.1 
psid at £7.8 seconds. This pressure was only 34 percent of the EDS 
abort limit of 3.2 psid. 


As noted in Section 10, none of the rate gyros gave any indication of 


angular overrate in the pitch, yaw, or roll axis. The maximum angular 
rates were well below the abort limits. 
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SECTION 12 
VEHICLE PRESSURE ENVIRONMENT 


12.1 SUMMARY 


The S-IC base heat shield was instrumented with two differential pressure 
measurements. The AS-511 flight data have trends and magnitudes similar 
to those seen on previous flights. 


The AS-511 S-II base pressure environments are consistent with the 
trends and magnitudes seen on previous flights. 


12.2 BASE PRESSURES 
12.2.1 S-IC 8ase Pressures 


The S-IC base heat shield was instrumented with two differential 
(internal minus external) pressure measurements. The AS-511 flight 
data, Figure 12-1, show good agreement with previous flight data 

with similar trends and magnitudes. The maximum differential pressure 
DL sopreeamntely 0.15 psi occurred at an altitude of approximately 

4.7 nmi. 


12.2.2 S-II Base Pressures 


The S-II stage base heat shield forward face pressures are presentec 
in Figure 12-2 together with the postflight analytical values and the 
data band from previous flights. The AS-511 data was slightly higher 
than previous flight data prior to interstage separation. A pressure 
spike occurred during the J-2 engine start transient, however, similar 
indications do not appear on the thrust cone or heat shield aft face 
pressure transducers. Consequently, the validity of this pressure 
spike is questionable. 


Figure 12-3 presents the S-II thrust cone pressure history. The flight 
data fall within the data band of the previous flights prior to 
interstage separation but fall below zero shortly after. This indicates 
that the measurement may have a slight bias. However, even considering 
a negative bias, the data would be comparable to previous flight data. 


The heat shield aft face pressures, Figure 12-4, were generally on 
the high side of the previous flight data band. This could be 
expected since the J-2 engine precant angle was reduced from 1.3 to 
0.6 degree beginning with AS-510. 
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Figure 12-1. S-IC Base Heat Shield Differential Pressure 
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Figure 12-2. S-II Heat Shield Forward Face Pressure 
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SECTION 13 
VEHICLE THERMAL ENVIRONMENT 


13.1 SUMMARY 


The AS-511 S-IC base region thermal environments exhibited trends and 
magnitudes similar to those seen on previous flights. 


The base thermal environments on the S-II stage were consistent with 
the trands and magnitudes seen on previous flights and were well below 
design limits. 


Aerodynamic heating environments and S-IVB base thermal environments 
were not measured on AS-511. 


13.2 S-IC BASE HEATING 


Thermal environments in the base region of the AS-511 S-IC stage were 
recorded by two total calorimeters and two gas temperature probes which 
were located on the base heat shield. The sensing surfaces of the total 
calorimeters were mounted flush with the heat shield surface. The base 
gas temperature sensing surfaces were mounted at distances aft of the 
heat shield surface of 0.25 inch (C0050-106) and 2.50 inches (C0052-106). 
Data from these instruments are compared with AS-510 flight data and are 
presented in Figures 13-1 and 13-2. The AS-511 data exhibit similar 
trends and magnitudes as previous flights. The maximum recorded total 
heating rate was approximately 25 Btu/ft2-s and occurred at an altitude 
of 11.3 n mi. 


The maximum gas temperature was approximately ]736°F recorded 2.5 inches 
aft of the heat shield at an altitude of 11.3n mi. In general, CECO 

on AS-511 produced a spike in the thermal environment data with a magni- 
tude and duration similar to previous flight data. 


Ambient gas temperatures under the engine cocoons (measurements C0242-101 
through C0242-105) were within the band of previous flight data and 
within predicted values. These temperatures are shown in Figure 13-3. 


13.3 S-II BASE HEATING 


Figure 13-4 presents the AS-511 total heating rate throughout S-II burn, 
as recorded by transducer C0722-206 on the aft face of the base heat 
shield. The postflight analytical curve for this transducer and the 
previous flight data band are also shown for comparison. The analytical 
heat rate represents the theoretical response of the transducer to the 
total thermal environment reflected by thermal math models. Key flight 
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Figure 13-3. S-IC Ambient Gas Temperature Under Engine Cocoon 


parameters relating to engine performance, engine position, and reference 
temperatures are used in the postflight analysis. The math models are 
based on both theoretical and empirical postulates. The flight data for 
AS-511 are at the upper end of that recorded during previous flights. 
This was expected since the J-2 engine precant had been reduced from 1.3 
degrees to 0.6 degree since AS-510. The flight measured heating rates 
are well below the maximum design allowable values. 


Figure 13-5 shows the AS-511 flight data and postflight analysis of the 
heat shield recovery temperature transducer, C0731-206. The analytical 
temperature curve represents a calculated transducer reading based on 

math models using key flight parameters. The gas recovery temperature 

is an analytically derived value computed from the flight measurement 
data. Note that the flight values are the probe temperatures and nut 

the gas recovery temperatures. The AS-511 flight gas recovery temperature 
values were expected to be on the high side of the data band from previous 
flights due to the reduction of the J-2 engine precani angie. It is seen 
in Figure 13-5 that this is not substantiated by tne flight data. How- 
ever, as indicated by the data envelope from previous flights, a consider- 
able probe temperature variation of the parameters considered in the analy- 
sis alone. Also, since the initial temperature is below the probe range, 
it is not possible to determine if the probe temperature is tiased. 
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Figure 13-6 shows the AS-511 flight and postflight analytical values of 
the radiometer measured radiative heat flux to the heat shield aft surface. 
Also shown is the calculated value of the actual incident radiative heat 
flux at the same location. The discrepancy between the radiometer indi- 
cated value and the incident heat flux is due to the heating of the radio- 
meter quartz window by convection and long-wave plume radiation. Con- 
sequently, the radiometer sensor receives additional heat from the quartz 
window by radiation and convection across the air gap betwcen the window 
and the sensor. This explains the apparently slow radiometer response 

at engine start, CECO, Engine Mixiure Ratio (EMR) shift and at outboard 
engine cutoff. 
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Figure 13-6. S-II Heat Shield Aft Radiation Heat Rate 


13-5 


There were no structural temperature measurements on the base heat shield 
and only three thrust cone forward surface temperature measurements in 
the base region. To evaluate the structural temperatures on the aft 
surface of the heat shield, a postflight analysis was performed using 
maximum AS-511 postflight analysis base heating rates. The maximum 
postflight analysis temperature was 885°F which compares favorably with 
previous flights, and was weli below the maximum design temperatures of 
1460°F (no engine out) and 1550°F (one control engine out). The effec- 
tiveness of the heat shield and flexible curtains was evidenced by the 
relatively low temperatures recorded on the thrust cone forward surface. 
The maximum measured temperature on the thrust cone forward surface was 
22°F. The measured temperatures were well Lelow design values. 


13.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT 


Aerodynamic heating environments were not measured on the AS-511 S-IC 
stage. . Due to the similarity in the trajectory, the aerodynamic heating 
environments are believed to be approximately the same as previous flight 
environments. Ground optical data were not available to measure flow 
separation because of cloud interference with the Melbourne Beach camera 
during the critical period and a loss of timing line on the film from the 
Ponce de Leon camera. The early flight optical data from Melbourne Beach 
are shown with AS-509 and AS-510 flight data in Figure 13-7 and indicate 
that the AS-51] data were probably similar to those flights. 
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Figure 13-7. Forward Location of Separated Flow on S-IC Stage 
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13.5 S-IC/S-I1 SEPARATION THERMAL ENV] RONMENT 


Since the AS-511 S-IC/S-II separation was nominal, the heating environ- 
ment to the S-IC LOX tank dome is assumed to be near nominal. 


There were no environmental measurements in this area on the flight 
vehicle and nothing has been observed in other flight data to indicate 
a more than nomina: environment. A detailed discussion of the S-IC/ 
S-II staging is found in Section 10.6. 
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SECTION 14 
ENVIRONMENTAL CONTROL SYSTEMS 


14.1 SUMMARY 


The S-IC stage forward compartment ambient temperatures were maintained 
above the minimum performance limit during AS-511 countdown. The S-IC 
stage aft compartment environmental conditioning system performed 
satisfactorily. 


The S-II thermal contro] and compartment conditioning system apparently 
performed satisfactorily since the ambient temperatures external to the 
containers were normal, and there were no problems with the equipment in 
the containers. 


The Instrument Unit (IU) Environmental Control Systems (ECS) perfcrmed 
satisfactorily up until approximately 18,000 seconds (05:00:00). At this 
time coolant fluid circulation ceased due to an excessively high GNo 
usage rate which depleted the Thermal Conditioning System (TCS) storage 
sphere. After cooling ceased, temperatures began to increase but were 
within acceptable values at the time IU telemetry was terminated. 


14.2 S-IC ENVIRONMENTAL CONTROL 


The S-IC stage forward skirt ECS has three phases of operation during 
prelaunch operations: (1) when onboard electrical systems are energized, 
but prior to cryogenic loading, conditioned air is used to maintain the 
desired environment; (2) when cryogenic loading begins, warmed GN2 is 
substituted for the conditioned air; (3) the third phase uses a warmer 
GNo flow to offset the cooling effects caused by S-II stage J-2 engine 
thrust chamber chilldown. All three phases functioned satisfactorily 

as evidenced by ambient temperature readings. 


The most severe prelaunch forward compartment thermal environment 

(-74.6°F at C0206-120) occurred during J-2 engine chilldown but was 

above the thinimum performance limit of -90°F. During flight the lowest for- 
ward compartment temperature measured was -126.9°F at instrument loca- 

tion C0206-120. 


After the initiation of LOX loading, the temperature in the vicinity of 
the battery (12K10) decreased to 68°F which is within the battery quali- 
fication limits of 35 to 95°F. The temperature increased to 78°F at 
liftoff. Just prior to liftoff, the other ambient temperatures ranged 
from 75.7°F at instrument location C0203-115 to 88.3°F at instrument 
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location C0205-115. During flight the lowest aft compartment tem- 
perature recorded was 57.2°F at instrument location C0203-115. 


14.3 S-II ENVIRONMENTAL CONTROL 


The engine compartment conditioning system maintained the ambient tempera- 
ture and thrust cone surface temperatures within design ranges throughout 
the launch countdown. The system also maintained an inert atmosphere 
within the compartment as eviderced by the absence of H2 or 02 indi- 
cations on the hazardous gas monitor. 


No equipment cv.itainer temperature measurements were taken. However, 
Since the ambient measurements external to the containers were satis- 
factory and there were no problems with the equipment in the containers, 
it is assumed that the thermal control system performed adequately. 


14.4 IU ENVIRONMENTAL CONTROL 
14.4.1 Thermal Conditioning System (TCS) 


The IU TCS performed satisfactorily for approximately 18,000 seconds 
(05:00:00). However, an abnormally high GN2 usage rate (Figure 14-1) attri- 
buted to leakage in the system depleted the 165 cubic inch storage 

sphere at approximately 18,000 seconds (5:00:00). The TCS GNo provides 
pressurization to both the Oronite coolant system and the sublimator 
water system (Figure 14-2). The loss of GNo pressure to the coolant 
accumulator, and thus to the inlet of the primary coolant pump, caused 
the pump outlet pressure to decay until] the pressure switch activated 

the redundant pump. The inlet pressure to the redundant pump was such 
that it could not attain full performance. Cavitation of the redundant 
pump began at approxisately 18,120 seconds (05:02:00) ending coolant cir- 
culation (Figure 14-3). The loss of GN2 in the stcrage sphere also 
prevented pressurization of the water accumulator, which provides 

water to the sublimator. This loss of water to the sublimator is in- 
consequential as the coolant circulation had ceased. 


At the time coolant circulation ceased, most component temperatures began 
to increase. It would have been possible to subcool the components 

prior to GN2 depletion, thereby extending the life of the system. 
However, the decision wes made in realtime not to perform the subcool- 
ing due to the S-IVB APS problem and lunar targeting problems. Con- 
sequently, the Passive Thermal Control Maneuver was initiated at 

21,306 seconds (05:55:06), and the flignt control computer was 

powered down. All component temperatures were below upper limit 

values at the time telemetry was terminated at 27,643 seconds (7:40:43) 
(Figure 14-4). 


A review and analysis of the available data taken during prelaunch tests 
and checkout Show that an increase in the total TCS GN? us.ge rate 
occurred between the Service Arm Over-All Test (performed prior to 
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Figure 14-1. 
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Figure 14-2. IU Thermal Control System (TCS) 
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Figure 14-3. IU TCS Hydraulic Performance 
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initial roll-out) and preparations for the wet CDDT (performed following 
second roll-out). Due to problems associated with the GSE dome regula- 

tor and the fact that the recorded data was not associated with a scheduled 
test, the significance of the prelaunch data was obscured. The excessive 
usage rate during flight was somewhat greater than that recorded pre- 
launch, but was not inconsistent with the normal increase in flow rate 
resulting from reducing the ambient pressure to zero (assuming low 

pressure leak). 


As noted in Figure 14-2 the TCS GN2 flows through the first stage reg la- 
tor which reduces the supply pressure to 16.5 +0.5 psia. Analysis of 

the flight data shows that the regulator ceased to regulate when the 
inlet pressure fell to approximately 125 psia. Figure 14-5 gives the 
relationship between the regulator flow rates and minimum inlet pressures. 
On AS-508 the system was allowed to deplete at the normal usage rate. 

The regulator ceased to operate at an inlet pressure of approximately 

40 psia which is considered to be characteristic of a normally opera- 
ting system. Assuming the same usage rate for AS-511, a leak on the 

high pressure side cf the regulator would show a loss of pressure regu- 
lation considerably above the regulator characteristic curve. 


Assuming a leak on the low pressure side, the AS-511 flight data are 
found to correlate closely with the characte ‘istic curve for full leak- 
age and bleed flow through the regulator. This indicates the leak is 
most probably on the low pressure side of the regulator. 


A review of in-process seal failures on the low pressure side of the 
regulator is summarized in Figure 14-6. Based on this failure history, 
the most probable failure point was suggested to be the 1/2 inch K-seal 
located at a plug near the line connection to the Oronite accumulator. 
However, this data is not necessarily applicable to KSC operations. While 
a significant problem was noted with surface finish of on-hand K-seals, 
this factor was deemed less significant than the greater characteristic 
tendency of K-seals when once sealed to remain sealed. There are also 

3 O-rings in the system which by no mears have been exonerated. There- 
fore, a contemplated change to an all O-ring system was determined to be 
unwarranted. Improved prelaunch leak test procedures will be incorporated. 


Sublimator performance during ascent is presented in Figure 14-7. 

The thermal shrouds were effective in shielding the IU components from 
solar heating as evidenced by the low-normal component temperatures 
through 18,000 seconds. This is especially significant since all active 
component cooling ceased at approximately 18,000 seconds. 

14.4.2 ST-124M Gas Bearing System (GBS) 

The gas bearing subsystem performance was nominal throughout tie IU 
mission. Figure 14-8 depicts ST-124M platform pressure differential 
(D0011-603) and piatform internal ambient pressure (D0012-603). 

The GBS GN2 supply sphere pressure decay was nominal, as shown in Figure 
14-9. 
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SECTION 15 
DATA SYSTEMS 


15.1 SUMMARY 


All data systems performed satisfactorily throughout the flight. Flight 
measurements from onboard telemetry were 99.9 percent reliable. 


Telemetry performance was normal except for noted problems. Radio Fre- 
quency (RF) propagation was satisfactory, though the usual problems due 
to flame effects and staging were experienced. Usable VHF data were 
received until 18,720 seconds (5:12:00). The Secure Range Safety Command 
Systems (SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform 
their functions properly, on commard, if flight conditions during launch 
phase had required destruct. The system properly safed the S-IVB on a 
command transmitted from Bermuda (BDA) at 716.2 seconds. The perfor- 
mance of the Command and Communications System (CCS) was satisfactory 
from liftoff through the first part of lunar coast when the CCS downlink 
signal was lost. Usable CCS telemetry data were received to 27,643 
seconds (7:40:43) at which time the telemetry subcarrier was inhibited. 
Madrid (MAD and MADW), Ascension (ACN), Goldstone (GDS), Bermuda (BDA) 
and Merritt Island Launch Area (MILA) were receiving CCS signal carrier 
at the abrupt loss of signal at 97,799 seconds (27:09:59). Good track- 
ing data were received from the C-Band radar, with MILA indicating final 
Loss of Signal (LOS) at 38,837 seconds (10:47:17). 


In general ground engineering camera coverage was good. 
15.2 VEHICLE MEASUREMENT EVALUATION 


The AS-511 launch vehicle had 1347 measurements scheduled for flight; 

three measurements were waived prior to start of the automatic countdown 
sequence leaving 1344 measurements active tor flight. Two measurements 
failed during flight resulting in an overall measurement system reliability 
of 99.9 percent. 


A summary of measurement reliability is presented in Table 15-1 for the 
total vehicle and for each stage. The waive. measurements, failed 
measuremeiits, partially failed measurements, and questionable measurements 
are listed by stage in Tables 15-2, 15-3, and 15-4. None of these listed 
failures had any significant impact on postflight evaluation. 


15.3 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION 
Performance of the eight VHF telemetry links provided good data from 


liftoff until the vehicle exceeded each subsystem's range limitations, 
however, data drepouts occurred as indicated in Table 15-5. 


Table 15-1. AS-511 Measurement Summary 


MEASUREMENT S-IC S-II - INSTRUMENT} TOTAL 
CATEGORY STAGE STAGE UNIT VEHICLE 





Scheduled 

Waived 

railures 

Partial 

Failures 

Questionable 

Reliability, 100.0 99.8 
Percent 


Table 15-2. AS-511 Flight Measurements Waived Prior to Flight 


MEASUREMENT 
NUMBER MEASUREMENT TITLE NATURE OF FAILURE 
S-IC STAGE 


Waiver [-B-511-215 










REMARKS 

















Transducer output noisy 
and shifted in the 
negative direction. 


Pressure, Differential, 
Engine Gimbal System 
Filter Manifold 


0119-101 




















Transducer output shifted Waiver [-8-511-1 


tn the negative direction. 


Pressure, Differential, 
Engine Gimbal System 
Filter Manifold 


S-II STAGE 
0016-205 Pressure, £5 Start Tank Low RACS failed to calibrate. 






0119-104 





Waiver NR11-3 





ce oS 


MEASUREMENT 
NUMBER 


£ 362-206 


C0199-401 


C003-203 


£443-217 


€$41-200 


125-207 


Table 15-3. 


MEASUREMENT TITLE 


Longitudinal Vibra- 
tion, LOX Sump/ 
Prevalve 


Temperature, Thrust 
Chamber Jacket 


Temperature, Turbine 
Mani fold 


Temperature, Turbine 
Manifold 


Tewpereture, Turbine 
Manifold 


Temperature, £3 Fuel 
Turbine Inlet 


Temperature, LOX 
Tank Ullage 


Tewperature, 
Recirculation 
Battery 2 


Voltage, Ignition 
OC Bus Voltage 


NATURE OF FAILURE 


TIME OF 
TATIURE 
(RANGE 
TIME) 


MEASUREMENT FAILURES, S-I1 STAGE 


No response 


Prior to Liftoff 


MLASUREMENT FAILURES, S-IVB STAGE 


Imprope.- response 
to temperature 
changes 


PARTIAL MEASUREMENT 


Failed off scale 
high 


Failed off scale 
high 


Fatled off scale 
high 


PARTIAL MEASUREMENT 


Failed off scale 
high 


Improper response 
to temperature 
changes 


Failed off scale 
high 


Failed off scale 
low 


560 seconds 


FAILURES, S-IC STAGE 


-4.9 to -2.6 seconds 
-1.3 te -0.6 seconds| 
42.6 to 154 seconds 


3.2 seconds 
106.7 to 141 6 
seconds 


FAILURES, S-II STAGE 


202 seconds 


208 seconds 


166 seconds 


17€ seconds 


AS-511 Measurement Malfunctions 


DURATION 
SATISFACTORY 
OPERATION 


0 seconds 


Prior to 
560 seconds 


0 to 202 
seconds 


Prior to 
208 seconds 


Prtor to 
166 seconds 


Prior to 
170 seconds 


REMARKS 


Suspect coaxial 
cable open at charge 
amplifier input 


Suspect inadequate 
sensor-to-thrust 
chamber jacket thermal 
contact in flight 
environment 


Probable cable 
connector problem 


Probable transducer 
fatlure 


Probable cable 
connector problem 


Suspect open in 
transducer circuit 


Failure mode unknown 


Suspect open in 
signal return wire 
at sensor 


Cause unknow . 
See Section 11.3.1 


PARTIAL MEASUREMENT FAILURES, S-1VB8 STAGE 


00030-415 


00073-415 


Pressure, Atti tude 
Control, Chamber 2-1 


Pressure, Ox{dizer 
Supply Manifold, 
Module 2 (APS) 


Pressure Differen- 
tial, LH2 Chil ldow 
Pump 


Flow Rate, LOX 
Circulation Pusp 


Frequency, 5V 
Excitatfon Module, 
Forward 1 


Positive data 
drift 


Exhibtted a no- 
data period 


Negstive data 
drift 


Intermittent 
response 


Invalid frequency 
indication 


400 seconas 


4300 seconds to 
9235 seconds 


850 seconds 


Prior to 0 


seconds 


9220 seconds 
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Prior to 
400 seconds 


Prior to 
4300 sec. 
after 9235 
sec. 


Prior to 
850 seconds 


Probable amplifier 
zero drift 


Probable transducer 
wiper open circuit 


Probable amplifier 
zero drift 


Intermittent operat to 
of the frequency to 
OC converter 


Prodadle fallure of 
the frequency con- 
verter temperature 
compensation circuitry 





Table 15-4. AS-511 Questionable Flight Measurements 


ME AS UREMENT REASON 
MEASUREMENT TITLE QUESTIONED 


QUESTIONABLE MEASUREMENTS, S-IC STAGE 


B003-118 Acoustic/Skin Measurement lost high frequency Cause unknown. 
content gradually and slowly 


recovered. Duration 40 to 
100 seconds. 





All inflight calibrations occurred as programmed and were within 
specifications. 


Data degradation and dropouts were experienced at various times during 
launch and earth orbit as on previous flights, due to the attenuation 

of RF signals. Signal attenuation was caused by S-IC stage flame and 
retro-rockets, S-II stage ignition, interstage jettison, vehicle antenna 
nulls and multipath. As on previous flights data dropouts occurred 
during retro-rocket effects at S-IC/S-II separation lasting from 163.4 
to 164.9 seconds. The S-II stage ignition effects at 166.8 to 172 
seconds and the RF interference resulting when the S-IC/S-II interstage 
passed through the S-II stage flame at 195.0 seconds caused some signal 
degradation as on previous missions. Loss of this data, however, posed 
no problem since losses were of such short duration as to have little 

or no impact on flight analysis. RF signals were received from the S-IC 
stage until 415.3 seconds and from the S-II stage until 770 seconds. 


The performance of S-IVB and IU VHF teiemetry systems was normal during 
earth orbit, S-IVB second burn and final coast. Usable VHF telemetry 
data were received to 18,720 seconds (5:12:00). A summary of available 
VHF telemetry coverage showing Acquisition of Signal (AOS) and LOS for 
each station is shown in Figure 15-1. 


15.4 C-BAND RADAR SYSTEM EVALUATION 


The C-Band radar performed satisfactorily during flight, although several 
of the ground stations experienced problems with their equipment which 
caused some loss of signal. No phase front disturbances were reported 
as occurred on previous missions. 


The VAN FPS/16 radar and both BDA radars experienced signal fade and 
dropout near PCA (point of closest approach). These dropouts occurred 
because of the high azimuth rates required when the vehicle was overhead 
during first and second pass. When these stations attempied to reacquire 
tne signal, they repeatedly acquired on side lobes and had to make several 
attempts before successfully acquiring the main lobe. MILA was the last 
nerd 1 maintain track and indicated final LOS at 38,837 seconds 
10:47:17). 


A summary cf available C-Band radar coverage showing AOS and LOS for each 
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Figure 15-1. VHF Telemetry Coverage Summary 


L INK 


AF -1 


AP-] 


DF -} 
OF -1 


DP -1B 
(CCS) 


Table 15-5. 


AS-511 Launch Vehicle Telemetry Links 


ee FLIGHT PERIOD 
(MHZ) | MODULATION] STAGE | (pance TIME, SECY PERFORMANCE SUMMARY 


256.2 


244.3 


241.5 
234.0 
248.6 


258.5 


250.7 


245.3 
2282.5 


FM/FM 


PCM/FM 


FM/FM 
FM/FM 
PCM/FM 


PCM /EM 


FM/ FM 
PCM/FM 


PCM/FM 


0 to 415.3 
0 to 415.3 


0 to 770 


0 to 770 


0 to 770 


0 to 16,345 


0 to 18,720 


0 to 18,720 
0 to 27,643 





15-6 


Satisfactory 


Data Dropouts 


Range Time (sec) 


163.6 


Duration (sec) 


1.2 


Satis factory 


Data Dropouts 


Range Time (sec) Duration (sec) 


163.7 
195.7 


163.6 


195.0 


163.8 
195.9 


1.2 
1.2 


Satisfactory 
Data Dropouts 


{Range Time (sec) Duration (sec) 


1.1 


Intermittent Data 


1.0 


Satisfactory 


Data Dropouts 


Range Time (sec) 


(DP-1) 
(OF -18) 


Duration (sec) 


0.9 
1.0 


ERAS garth pe ee, ey bear et 





station is shown in Figure 15-2. 
15.5 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION 


Telemetered data indicated that the command antennas,: receivers/decoders, 
Exploding Bridge Wire (EBW) networks, and destruct controllers on each 
powered stage functioned properly during flight. They were in the 
required state-of-readiness if flight conditions during the launch had 
required vehicle destruct. Since no arm/cutoff or destruct commands 

were required, all data except receiver signa] strength remained unchanged 
during the flight. Power to the S-IVB stage range safety command systems 
was cut off at 716.2 seconds by ground command, thereby deactivating 
(safing) the systems. 


15.6 COMMAND AND COMMUNICATION SYSTEM EVALUATION 
15.6.1 Command Communication System Summary 


Performance of the CCS was satisfactory from liftoff through the first 
part of Translunar Coast (TLC). At 27,643 seconds (7:40:43) the IU 
telemetry subcarrier oscillator was commanded off. The CCS signal 
carrier only was left on for positive tracking to lunar impact. 


The Madrid and Goldstone 85-foot tracking antennas were able to track 
until approximately 27 hours 10 minutes when they suddenly lost track 
and were unable to reacquire lock-on. Several network stations including 
a 210-foot antenna at Parkes Observatory attempted the re-acquisition. 


A summary of CCS coverage giving AOS and LOS for each station is shown 
in Figure 15-3. 


15.6.2 CCS Performance 


The CCS should operate through lunar impact. Loss of the CCS downlink 
signal occurred during TLC at 97,799 seconds (27:09:59). The reason 
for this loss of signal is unknown at this time and is stil] under 
investigation. 


Unlike previous Saturn V missions, the CCS did not lose lock during S-IC/ 
S-II separation. However, the dropout occurring on missions previous to 
AS-510, when the S-IC/S-II interstage passed through the S-II stage flame, 
did occur on this flight at 195 seconds. 


During the earth orbital phase of the mission, three ground tracking 
stations experienced problems. Canary Island (CYI) had problems tracking 
because of failure of the antenna to move in the X-axis from 1101 to 

1290 seconds. Honeysuckle (HSK) experienced a problem due to keyhole 
tracking starting at 3856 seconds. Goldstone (GDS) was able to track 

for only a short period of time at 5430 to 5464 seconds due to poor 
pointing data and terrain masking. 
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During the Translunar Coast phase of the mission, numerous dropouts 
occurred at the 3v-foot antenna USB sites starting at 16,380 seconds 
(4:33:00) and continuing until 20,249.5 seconds (5:37:29.5). At this 
time the CCS was commanded from OMNi to low gain directional antenna. 


The performance of the command section of the CCS was satisfactory. Al} 
commands received by the onboard equipment were accepted. A list of com- 
mands initiated at MCC Houston and the number of words transmitted in 
each conmand is shown in Table 15-6. 


At 5:27:03, the mode word of the “lunar impact" command (APS-1) was 
transmitted from MILA and was accepted by the onboard equipment. However, 
because of noisy telemetry, the verification pulses were not recognized 
by MILA. 


A terminate command was sent three times at 5:27:48 to reset the computer 
and each time the subcarrier was out-of-lock. The terminate command was 
transmitted again at 5:30:16 in the Message Acceptance Pulse (MAP) 
override mode and was accepted and executed by the onboard equipment. 


The MAP override mode was used ror transmitting all commands from 5:30:16 
through 5:32:08 because of noisy telemetry during that time period. 


The command to switch the CCS antenna to low gain at 5:37:28 was sent in 
the MAP mode, accepted by the vehicle and executed. However, the trans- 
mitting ground station did not receive the verification pulses and the 
command was retransmitted. The command was verified on th s transmission. 


15.6.3 CCS Signal Loss 


The only flight hardware related problem encountered during this flight was 
the premature loss of CCS downlink signal. Investigation of this problem 
is in process. 


Figure 15-4 shows the CCS downlink signal strength spikes as seen at the 
Madrid Wing and Goidstone stations. The figure also includes a plot of 
the last CCS signal received at 97,799 seconds (27:09:59). 


Repeated efforts by at least four ground stations to acquire the CCS 
Signal were unsuccessful. Therefore, it is assumed the CCS downlink 
flight hardware was not operationa). 


There was no telemetry data available for 19 hours 29 minutes 16 seconds 
prior to the downlink signal dropout. However, al] available telemetry 
data for the measurements associated with the CCS were reviewed for the 
period prior to disabling the TM subcarrier and no abnormal readings 
were found. 


The most probable cause of the CCS signal loss was failure of the CCS 
transponder. 
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Table 15-6. Command and Communication System Command History, AS-511 






RANGE TIME TRANS - 


MITTING COMMAND REMARKS 


SECONDS HRS:MINS: SECS STA. 






















15601 4:10:01 GDS Evasive Yaw Maneuver 

15487 4:18:07 GDS TB8 Initiate Accepted 

16260 4:31:00 | MILA |LOX Dump Attitude #1 Accepted 

16268 4:31:08 MILA |LOX Dump Attitude #2 Accepted 

19622 5:27:03 MILA |Lunar Impact APS 1 Accepted 

19668 5:27:48 MILA | Terminate Received 

19816 5:30:16 MILA {Terminate (MAP Override) Accepted 

19837 5:30:37 MILA |Lunar Impact #1 (MAP Accepted 
Override) 

19850 5:30:50 MILA alpacas #2 (MAP Accepted 

19928 5:32:08 MILA |Single Word Dump Group Accepted 
(MAP Override) 

20248 5:37:28 MILA |Switch Antennas to Low Accepted 
Gain 

21305 5:55:05 MILA |3-Axis Tumble Accepted 

21322 5:55:22 MILA {FCC Power Off A Accepted 

21335 §:56:35 MILA | FCC Power Off B Accepted 

21474 5:57:54 MILA |Switch Antennas to Omni Accepted 

27643 7:40:43 GOS T™ Subcarrier Off Accepted 





* Command retransmitted three additional times because signal verification 
pulse not received by ground station. 
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RECEIVER 
AGC 85 FT POLAR MOUNT MADRID, SPAIN WING STATION 


ANTENNA MADW 
-100 DBM 
-115 DBM = 
-130 DBM — 
-145 DBM 
THRESHOLD 


ies 85 FT X-Y MOUNT GOLDSTONE, CALIFORNIA GDS 

Lu 
-100 DBM 
34508): 
-130 DBM 
-145 DBM 
-160 DBM 

THRESHOLD 





———— 
97,320 97,800 
RANGE TIME, SECONDS 








26:59: 30 27:02:00 27:10:00 
RANGE TIME, HOURS :MINUTES : SECONDS 


Figure 15-4. CCS Down Link Siaqnal Strength Indications 


15.7 GROUND ENGINEERING CAMERAS 


In general, ground camera coverage was good. Forty-two items were received 
from KSC and evaluated. Three items did not run, seven items had unusable 
timing, and two items stopped at ignition As a result of these l2 
failures, system efficiency was 7] percent. Tracking coverage was good with 
all cameras acquiring data. However, complete engineering analysis 

from the film could not be accomplished due to cloud cover at Melbourne 
Beach and due to timing loss at New Smyrna Beach. 


15-12 


SECTION 16 
MASS CHARACTERISTICS 


16.1 SUMMARY 


Total vehicle mass, determined from post-flight analysis, was within 0.36 
percent of prediction from ground ignition through S-IVB stage final 
shutdown. This small variation indicates that hardware weights, propeliant 
loads, and propellant utilization were close to predicted values during 
flight. 


16.2 MASS EVALUATION 


Post-flight mass characteristics are compared with final predicted mass 
characteristics (MSFC Memorandum S&E-ASTN-SAE-72-11) and the operational 
trajectory (MSFC Memorandum S&E-AERO-MFT-72-72). 


The post-flight mass characteristics were determined from an analysis 

of all available actual and reconstructed data from S-IC ignition through 
S-IVB second burn cutoff. Dry weights of the launch vehicle are based 

on actual stage weighings and evaluation of the weight and balance log 
books (MSFC Form 998). Propellant loading and utilization was evaluated 
from propulsion system performance reconstructions. Spacecraft data were 
obtained from the Manned Spacecraft Center (MSC). 


Differences in dry weights of the inert stages and the loaded spacecraft 
were all within 0.54 percent of predicted, which was well within acceptable 
limits. 


During S-IC burn phase, the total vehicle mass was less than predicted 

by 525 kilograms (1157 lbm) (0.02 percent) at ignition, and greater than 
predicted by 462 kilograms (1018 Ibm) (0.06 percent) at S-IC/S-I1 
separation. These differences are respectively attributed to: less than 
predicted S-1C dry weight and propellant loading at ignition and less 
than predicted upper stage mass; shorter than predicted S-IC burn result- 
ing in higher residuals. S-IC burn phase total vehicle mass is shown 

in Tables 16-1 and 16-2. 


During S-II burn phase, the total venicle mass was less than predicted 

by 318 kilograms (702 lbm) (0.04 percent) at ignition, and greater than 
predicted by 6 kilograms (15 Ibm) (0.003 percent) at S-II/S-IVB separation. 
These differences are due primarily to a less than predicted LOX loading 
and a greater than predicted total S-IVB stage mass. 


Total vehicle mass for the S-II burn phase is shown in Tables 16-3 and 16-4. 
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Total vehicle mass during both S-iVB burn phases, as shown in Tables 
16-5 threugh 16-8, was within 0.07 percent of the predicted values. 

A difference of 119 kilograms (268 Ibm) (0.07 percent) greater than pre- 
dicted at first burn ignition was due largely to a greater than pre- 
cicted propellant loading. The difference at completion of second 

burn was 55 kilograms (120 Ibm) (0.08 percent) less than predicted 
resulting from a less than predicted spacecraft weight. 


A summary of mass utilization and loss, both actuul and predicted, from 
S-IC stage ignition through spacecraft separation is presented in Table 
16-9. A comparison of actual and precicted mass, center of gravity, 
and moment of inertia is shown in Table 16-10. 
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Table 16-1. Total Vehicle Mass - S-IC Burn Phase - Kilograms 
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Table 16-2. Total Vehicle Mass - S-IC Burn Phase - Pounds 
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Table 16-3. Total Vehicle Mass - S-II Burn Phase - Kilograms 


S-1C IGNITION Sef s-1! $-1t Ss-11/S-1V¥8 
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RANGE TIME=-SEC -6e40 “6049 165-50 165220 let. 70 167ee0 559021 5590546 560020 560-60 
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TOT S={1/S-IvB ts 3656. 3653. 3656. 3653. 3656. 3653. 365660 3653-6 3656. 3653. 
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Table 16-4. Total Vehicle Mass - S-IJ Burn Phase - Pounds 
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Table 16-5. Total Vehicle Mass - S-IVB First Burn Phase - Kilograms 
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rorau tu 2053. 20402. 2053. 20a2e 20336 20426 20536 2002. 2093. 20026 
TOTAL SPACECRAFT ©0656. @0OG1l. &86S66 ©8001). ©6656. 860i. &©0OS6- e860). ©6656. 266016 
TOTAL UPPERSTAGE 90710. $0063. SOT1LO0- 30663. $0710. 906630 S0TLVe 906063. S0T100 $0ee}. 
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Table 16-6. Total Vehicle Mass - S-IVB First Burn Phase - Pounds Mass 
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S-IC IGNITION S-1v8 S-I v6 S-ive S-lve 
EVENTS IGNITION MAINSTAGE ENGINE CUTOFF END DECay 
PREO act PRED act PREO act PREO act PRED act 

RANGE TIME@-SEC 6200 =6240 $63-30 963260 565280 $66.10 705208 T0e<2) 709-70 706060 
ORY STAGE 25004. 250996 250332 25068. 29033. 29068. 248986 269135. 248960 200136 
LOX Im TANK 1946393. 198005. 194630. £95005. 194906. i9O719. 136206+ 136540. 130136. 136278. 
LOX BELOw TANK 367 307 3676 367.0 397. 39Te 307. 397. 397. 397. 
LOX ULLAGE Gas 25a 26. 26. 206 Sle Sle 203. 1856 2030 186-6 
PUEL Im TANK @3672. #3685. 436606 43670. @35536 ©35670 321366 32029. S21L120 320066 
FUEL BELOW TANK 46. &26 58. Sle 98. S2e 5060 $2. $8. S20 
FUEL ULLAGE GAS $7. 40. ST. 37e 380 39. 1186. d2be 118. 127. 
ULLAGE ROCKET PROP 118. 117. 22.6 22e 

APS PROPELLANT 630. 66le 6306 GSle 0306 O6le 6260 6586 626+ e356. 
MELIUM IN GOTTLES 430. 4335. 049. 035. 048, @35. £060 36s. £06. 30S 
Frost 300. 3006 100. 100-6 100. 1006 1006 100. 1000 1006 
START TANK GAS Se Se Se Se le le Te Be Te Se 
OTwER $6. 57.6 56é0 $7. $6. 57. S60 $7, 560 ST. 
TOTAL Se-Iv® STAGE 269629. 26584]. 269077. 265487 2606942 265107 LPTZLBe 197407. 1LGTILIGe LPTLO®. 
TOTAL Iu OS27. 45026 e527. 4502. 4527. 65026 OS27e 459026 e527. &35020 
TOTAL SPACECRAFT TAT. LOMLAe LOTZ7O.) AOTISGTe LOTZWe L07IG7. 10727O0 107397. LOTZTOe JOTISTe 
TOTAL UPPERS TAGE LLLVS7%. 1L1GO9e LULTIVe 1116092 LLL. L116O%e LLITHTe 111609. ALITOTe 1131669. 
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Table 16-7. Total Vehicle Mass - S-IVB Second Burn Phase - Kilograms 


Sol vB S-lvB S-lv8 $-lv8 SPACECRAFT 
EVENTS IGNITION MAINSTAGE ENGINE CUTOFF END DECAY SEPARATION 
PRED acT PRED act PRED ACT PRED act PRED act 

RANGE TIME=-SEC 9245690 9216.50 9218-00 9219.00 9560.21 9558642 9560.40 9556.60 14359.80 146440.00 
ORY STAGE 13293. 113006 11293. 11300. LIZF36¢ 11300. 112936 11300. 11293. 13300. 
LOX I Taxe 62620. 626702 624694, 62563. 1665. 15TH. 16326 1542. 13606 1465, 
LOX BELOW TANK 166. 166. 180. 160. 180. 100-6 180. 3100. 166. 166. 
LOX ULLAGE GAS tle 9B. dlile 996 163. 2004 Ole 2004 190-6 106, 
FUEL IN TANK 13575. 13569. 13525. 13522. 922. 980. 909. 969, STbe 577, 
FUEL BELOW TANK 260 236 26. 23. 26. 2360 26. 23. 2ie 13-6 
PUEL ULLAGE GAS 131. 164. 132- 186. 207. 2696 2ehe 2706 OTe 116. 
APS PROPELLANT 238. 2466 238. 2465 236-6 2460 23660 246-6 2126 2296 
MELTIUM IN BOTTLES 167. 1620 167. 161. 108. 102. 108. 102-6 108. 300 
Faost 45- 436 eS. a5 a5. aSe 430 aS~e &50 45. 
START TANK Gas 2e ae Oe Oe 3. Ze 3e ae Se Oe 
OTHER 250 256 23- 256 23. 2356 250 250 250 256 
TOTAL S-ivB STAGE $0404. 68495. 06240. 08336. 14939, 14981. 148867. 14909, 1462926 lelole 
TOTAL tu 2053. 204626 2053-6 20426 20536 20420 2053-0 2042. 20936 2062. 
TOTAL SPACECRAFT 68636. 48601. 466566 48001. &06560 48601. 496566 48601. 6256 625. 
eee ewee wom wee ew ewe wes coe creme wewes ew neewe ewes cee cee en cere noone cee ee seer seen ene nescaseececwsesbcowenseewe. 

TOTAL UPPERS TAGE $0710. 50603. $0710. 50663, 507106 5064636 $0710. 506434 26790 2668. 
Toray VEHICLE 13911%s 139139. 138990. 130978. 65649, 095946 5598. 655526 10971Le 16629. 
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Table 16-8. Total Vehicle Mass - S-IVB Second Burn Phase - Pounds Mass 


PRO SOT 8 COS SCS VO 8 we © OOO 288 OO we Cee © 8 80 OO SOR Oe C8 © 6 ew! 288 Oe Oe BO Se Oe Oe Oe O82 eee OOS Cn Se eee eee eee tee ee eee eae 


























S$-I VB s-lv8 S-Iv8 S-I v6 SPACECRAFT 
EVENTS IGNITION MAINSTAGE ENGINE CUTOFF ENO OECAY SEPARATION 
PRED act PRED act PRED act PRED act Pred act 
RANGE TIME@-SEC 9215.90 9216.90 9218.00 9219.00 9560c21 9956.82 9560240 9556260 19399-6860 1464040.00 
ORY STAGE 260986 209 30 24896. 249130 24098. 249136 24898. 249136 24896- 24013. 
LOR IN TANK 1309054. 130165. AS37776. 137805. 3671. 34726 3600. 3400. 3461. 32306 
LOX BELOW TANK 367.6 367. 297. 397. 3ST. 307. 397.6 397. 367 30Te 
LOX ULLAGE GAS 206. 217. 2656 2200 408. aele “01s S420 4206 406. 
fur. IN TaNd 299296 29916. 29019. 298136 2033.6 2161s 2005.6 21306 12706 12736 
FUEL BELOW TANK se. 520 $8. $20 38. S2e 38. S26 es. a2e 
FUEL ULLAGE GAS 2902 407. 2eie 407. $aSe $956 538-6 5960 193. 257s 
APS PROPELLANT S26. 5436 S266 5430 $226 Sede S226 $436 2690 $066 
MELIUM IN BOTTLES 369 358. 368. 357. 2406 227. 200. 226c 2600 o8. 
FROST 100. 100. 100. 100. 100. 1006. 1006 100e° 1006 1006 
START Tank Gas Se Se le le Ve Be Te Se Te le 
OTHER $6. 57. Sbe $7e S60 S70 S6< STe 560 STe 
TOTAL S-IVB STAGE 194898-. 195100. 190537. 196765. 329350 329636 326220 32069. 32509. 312206 
TOTAL IU e527. 4502. 4327. 4302-6 0$27. 45026 S27. £302. aS27. *3026 
TOTAL SPACECRAFT LOTZIO. §=LOTIATe LGTSZTOe AOTASTe ALGTZ7Ge ADTIATe LOTZIOe 1071476 1380-6 138d. 
JOTAL VPr ERS TAGE ULL. L164. LLLIOFe £11GSSe LALTOV. LLLGAF. LLLTOT. 111608. S907. 5062. 





ee ee we ee ee es ee SS PEO OSS 6 Se 8 Se eS SE 2 SS SS ee eS tard te PE ence Gain 


TOTAL VEMICLE 306695. 306709. 306330. 306308. 140732. 1606120 1446192 1465166 37416. 37102. 
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Table 


MASS HISTORY 


S-IC STAGEe TOTAL 
S-I1C/S-IT [Se TOTAL 
S-IT STAGEs TOTAL 
S-11/S-IVB [Se TOTAL 
S-IVB STAGEs TOTAL 
INSTRUMENT UNIT 
SPACECRAFT» TOTAL 


1ST FLT STG AT IGN 
THRUST BUILOUP 


1ST FLT STG AT HDAR 
FROST 
MAINSTAGE 
N2 PURGE GAS 
THRUST DECAY<TE 
ENG EXPENDED PROP 
S-Il INSUL PURGE 
S=-I1 FROST 
S-1VB FROST 
THRUST DECAY=0E 


1ST FLT STG AT OECO 
THRUST DECAY=0E 
S-IC/Se11 ULL RKT 


1ST FLT STG AT SEP 
STG AT SEPARATION 
S-IC/S-IT SMALL IS 
S-1C/S-1I3 ULL RET 


2nD FLT STG AT SSC 
FUEL LEAD 
S-IC/S-I11T ULL RKT 


2ND FLT STG AT IGN 
THRUST BUILOUP 
START TANK 
SeIC/Se1T ULL RET 


2ND FLT STG AT MS 
MAINSTAGE 
LES 
S-IC/S“1T LARGE [5 
TO 6 ENG PROP 


2n0 FLT STG AT COS 
THRUST DECAY 
S-IVB ULL RKT PROP 


2ND FLT STG AT SEP 
STG AT SEPARATION 
S-I1/S-tvB IS ORY 
S-11/S-Iv6 PROP 
S-iVvB AFT FRAME 
S-1VB ULL RKT PROP 
S-IvV8B DET PKG 


- ae wes ee Gk Da eae a 


16-9. Flight Sequence Mass Summary 
PREDICTED 

KG LBM 
2282946 5044828. 
45796 1U097- 
4939866 1089054. 
365660 8062-6 
1203946 265425. 
20536 4527. 
52798. 11640le 
29657654 65383956 
-38866. ~8508664 
2926898. 64527096 
—294e -6506. 
-20B826/64 —-4591518. 
-16-6 -37. 
~9546. ~2106. 
1869-6 —-4166 
-l7Te 386 
—=204e6 -4506 
906 -200.6 
Oe Oc 
8424534 1857293. 
-381586 ~8419. 
Oe Oc 
638635e 1848874. 
-161676. -3559956 
6166 -13606 
Oc Oe 
676541le 1491519. 
Oo O«o 
Oo Oc 
6T654le 14915196 
-579¢ -1278e 
-lle =25e6¢ 
Oo Oe 
67595020 1490215. 
651118. 994565. 
~41Gle “91316 
=39636 “8737. 
526 ~1166 
2166 7&e 477685 
“1426 -315.6 
=2e -S. 
216528. 4773646 
-418596 =922656 
~3176-6 -70026 
4806 -1060e 
21. —486 
-le =-3. 
=—le w36 
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ACTUAL 

KG LBM 
2288086, 5044373. 
G517Te 10091. 
49353654 1088062. 
36536 8055.6 
120583. 2658416 
20426 450260 
527596 1163 lee 
296524054 65372386 
“487972 —-1075806 
2916463. 642965664 
—-2946 -6506 
=207222le —-4568669e 
-16e “37-6 
—-662e -19006. 
-189.6 —-4166 
“17. ~366 
—-204. ~4506 
-906 -2006¢ 
Oe Oe 
8425454 18574956 
-3448. -7602e 
Oo Oe 
83909644 1849892. 
-162256540 3577156 
—-6166 13596 
Oc Oe 
6762234 149061 -« 
Oe Oe 
O« Oe 
676223- 149086166 
=-5796 -12766 
“lle =256 
Oo Oe 
67563250 14895156 
—-450797e¢ -993838. 
-41566 “9167 
—-2960< -6732e 
—496 -1086 
2166666 477668. 
-1286 =-286306 
-2Ze -5e 
2165356 4773796 
-417466 =920396 
~-31696 =69868. 
-4036 "1067. 
m~2le 486 
mle =3. 
=le =3e 


Table 16-9. Flight Sequence Mass Summary (Continued) 


PREDICTED ACTUAL 
MASS HISTORY KG LBM KG LB" 
3RD FLT STG 1ST SSC 170987. 376963. i71109% 3772316 
ULLAGE ROCKET PROP =396 886 =39. “876 
FUEL LEAD =O0« “le 3. 8. 
3RO FLT STG 1ST IGN 170947e 376874. 1710660 3771366 
ULLAGE ROCKET PROP “90 “22. -9. “22. 
START TANK le =e le wee 
THRUST BUILDUP “1626 -3576 160. -3566 
3RO FLT STG 1ST MS 1707730 376691. 1708930 3767566 
VLLAGE ROCKET CASE -6le -135. “ol. 1356 
MAINSTAGE “305450 67341. 30627. 675226 
APS le =Le -l. =3-6 
3RD FLT STG 1ST COS 140164. 309010. 1601236 309096. 
THRUST DECAY mA2e “93. ~1286 “2636 
3RD FLT STG 1ST ETD 1401226 30891650 © «=140075e «= 088136 
ENGINE PROP ~186 =40. “186 “406 
FUEL TANK LOSS “90le = 19876 “818. = =18 036 
LOx TANK LOSS ~236 51. -39. “876 
APS 456 1006 ~52e “1156 
START TANK =06 =Ze Ge Ge 
O2/H2 BURNER =Te -16.6 7. =-166 
3RO FLT STG 2ND SSC 139125¢ 306719. 139139¢ 3967516 
FUEL LEAD ~106 =236 “06 Ze 
3RD FLT STG 2ND IGN 1291140 306695e «=: 139139. = 306 7496 
START TANK le “Ge -l. mue 
THRUST BUILDUP “1626 ~3576 “1596 =351.6 
30 FLT STG 2ND ¥S 1389500 306334. 138977. 306394. : 
MAINSTAGE -73299¢ -161598.  -73383. -161782- j 
Aes mle Ge Os de 
3RD FLT STG 2ND COS 656490 1647320 559%. = 144120 
THRUST DECAY “486 71066 “426 “946 
3RD FLT STG 2ND ETD 65598. 146619. «655520 1445186 : 
JETTISON SLA “11700 <-2581e <11706 -258)- : 
CSM ~304376 -671046. 30367 669496 ‘ 
S-IV8 STAGE LOSS "3186 703. “4926 “1086. : 
STRT TRANS/DOCK 336700 742310 335210 739026 ; 
CSM 304376 67104. 30367. 669496 : 
END TRANS/DOCK 641086 1613252 63868. 1408516 : 
csM “306370 67104. 30367. 66949 : 
uM “166220 36205. 9 - 1643656 © - 362376 
S-IVB STAGE LOSS “2766 "6106 =2556 “5636 
LAU VEH AT S/C SEP 1697le 3 THbo 16829¢ 371026 
S/C NOT SECARATED 6250 1380. “625e = 13806 
Iu “20530 -4527%e =2062. 65020 : 
S-IVB STAGE “162920 9 -31509. 9 -141l6le = $312 20. 
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Table 16-10. Mass Characteristics Comparison (Continued) 





ED OUD amb ED AEE AED aE EP cee > A ED A SED OE A aD ED A aly a OS ap ae ab ap a> > ap ab ae Saw ana 


MASS LONGITUDINAL RAOTAL ROLL MOMENT PITCH MOMENT YAW MOMENT 
CeoGe (X STAe} CoGe OF INERTIA OF INERTIA OF INERTIA 

event Serene eel ae lth age aes a A I Rae PAIS TE eben es A AE RIAD AID Aches le SEA ele SO RAE OR as) OE a OES SN) RE 8 a Ae AY A ie A 2 NE OD aD aD a OD a a 
KILO 0/0 METERS METERS KG=-M2 0/70 KG=M2 070 KG=M2 0/70 


POUNDS DEVe INCHES DELTA INCHES DELTA X10"G DEVe X10-6 DEV. X10°6 OEVe 


Sy ED PSD 8 SE BD eh ED 0 Ee ED 68 Se EE 8 8S OSES SSS OO SE SE BSF SS SS 24S OS SEV © C8 SO OSS 48 SS C2228 BSS4 O22 C8 SE SF2R98200 


2965 7666 300458 020051 
PRED 6536394. 119961 002024 32655 3952899 8952834 
AT IGNITION 29652416 300458 0e000 020045 -020005 


ACTUAL 65372364 0601 119901 0000 001802 =000222 36641 -0039 9096607 1653 9090542 1453 


Ee 8 8 E88 OS S OB BS @ BSVBSBlVNDSS SB BS VVPlLVSVSPFS SBS O.VlSE BSS VSS SE BAS B2FSES SSIS BOVSS 8 OS BSE S CS @ © 2S 2G 22 2428028 2eee 222 O22 eae” 


29266996 302404 0.0052 
1ST FLIGHT STAGE REO 64527086 1197.0 0.2059 3069} 8964921 8960846 
AT HOLODOWN ARM Seago ascaesaaaan was ear seen = aces seenene oweeoue 
RELEASE 29164446 300402 =00002 020045 ~0.0006 


ACTUAL 64296560 70035 119669 0007 061802 “000256 36676 $0639 9064268 1027 9080203 le2? 


8 BS SS BBS BOSS SS OBVVWS BSVSESE OS BBS O64 BFE BVSE490 242 2S BSVG4SUE4 464 2EOS9 SEQ ESE SE SCSSVS BESO CE OF T2882 S2-aeT ea 28m 


642454. 462820 0090177 
1ST FLIGHT STAGE PRED 18572926 1843063 006977 30675 444-578 4440517 
AT OUTBCARD ENGINE coe ewe eoowees= See®eeoe eea2 eae wane ee ee evwesecan 
CUTOFF SIGNAL 8425464 4620788 02031 020157 -0-0019 


ACTUAL 1857495. 0001 184220 ™Le22 006191 “060785 36659 “0040 445.788 Oo27 4450727 Oe2? 


8 OB BB SES OC OS & BOSS BE BSP SOSESSE COS OSC 2ES940 24 298 CSS 46. 20GSE OE C2986 SSF 2S E80 CSF 288 2S 2406 2S 2S OS BOOS OURS 28S 22 Gew eeewe ea 


838635. #62965 020177 
PREO 1868673. 124948 0e6977 30673 439 e422. 43923621 
1 st FLIGHT STAGE PFMSVSVN SS SEwVesw oo mnoew Eee a onan eeceenee wa eecon 
AY SEPARATION 639097. 466939 02065 0.0157 =0.0019 


ACTUAL 1849892. 0006 1848.0 1078 006191 —020785 32658 -0040 441.097 0638 44146035 038 


Beye Gee a Ut as GED DP a 6 Op eh ap EE 6y aw EP So OE CS SD gh GRD GP > SE GE GD OD ay EE, GD Gy OD ES SS Ob SE on SP ae EE EO Se OE OSE Oe See Se eS OSES Set Ses S @ SS aes 2 Ow a aes 


6765426 $5926 020187 
2NO FLIGHT STAGE PRED 14915196 220168 007397 00981 140.078 1402090 
COMMANO 676224. §52933 Qe007 020187 -0.0000 


ACTUAL 1490818. 0204 2202¢1 Oe27 0073982 —0-0015 06981 -0004% 1406115 0003 1400131 0203 


SS SSeS GE GE Ge 6D gp GE GD ah EPG: 





6759506 550926 0.0187 
PREO 24902156 220148 007397 00963 1402072 1404065 
2NO FLIGHT STAGE 9 qeoewoeweweneoen aoweee eeeene aseone aeosenas evaswee 
AT MAINSTAGE 679633. §5.934 02.008 0.0187 -0.0000 


ACTUAL 1689915. ~0204 220261 0031 067382 -020015 02982 —0004 1400107 002 1400122 0403 


RPE GS Ge EES PES Gb an GP EE Eas ESD CE EES SF ab ab an OD EP Se ap Seen ae Ss as EP SS ES a GE ee ESD 2D aw OE iy OED ED eS ae SS ce ty op OD OD > PG PRs ~ a OP EOD Oe SS as SS a a a 


216674. Tlesls 020562 
PREO 477684. 26116 202153 0+881 450462 450473 
2N0 FLIGHT STAGE 9 oowcowereerre=— eee EP eee o> some wcencecon aweocecee 
AT CUTOFF SIGNAL 216667. 710418 0000% 020563 020000 


ACTUAL 477668. 0.00 281167 0015 262190 0200037 06880 “00% 656392 “Oel& 452407 “Gels 


EP TEES PED ap Cain 6 6m Gb adr atest Ci aes EN, ap oe a a ae ar ap a DB BE BS 2598S 2S 4 O2ESS BE BSS @ @ BS BSS BOSS 2 2282 2SH2 2E8E2 228282282 280 SE -_ 
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Table 16-10. Mass Characteristics Comparison (Continued) 


SOS BSS @ BOO S4E 2S 4EE SE 424 2OGSE 22ESE SE 224 OE 22S 4246 6442 29S & 29S SE S 2 2S S24 2S S4SE6 4 ES 2244 £4 28282 4 2 @ 2S 2 228 224 4E S42 2282228 24222898 2ERO2Q 


MASS LONGI TUOINAL RAOTAL ROLL MOMENT PITCH MOMENT YAW MOMENT 
CeoGe (X STAe) CeGe OF INERTIA OF INERTIA OF INERTIA 
Event 28988 8 O2OOO 1 6 6 28288 SF OEE 0248809 64246 08 2808060 OS 08 2S 08 280 8S 022200808 008004 Gees cee cess ane 
KILO Q/O METERS METERS KG="%2 0/0 KG=-"2 Q70 KGo"2 O/U 
POUNDS OCEVe INCHES DELTA INCHES OELTA X10"6 OEVe. 10-6 DEVe K1l0-6 OtVve 
2165296 714431 020565 
PRED &77364.6 261262 202252 0-661 452366 #50376 
2n0 FLIGHT STAGE DD 2 es 2 HE oD aha WD aneneea = cp OP hah ae oeeee ee2eesee eeeneneoen 
AT SEPARATION 216536. 710434 02003 020566 %40000 
ACTUAL 4773796 0200 281264 Ooll 262289 VeQU37 VeBBU “000% 495030) 20013 456316 mvel2 
170988. 770319 0.0387 
3RO FLIGHT STAGE PREO 376963. 304367 125239 020207 136960 132957 
AT 1ST START SEQe q-wennnna--no-= wonnee eons-- ----- acanee- 


VENCE COMMAND 171109. 770299 00011 020382 -020004 
ACTUAL 3772316 0007 304302 “0044 1.5065 “000173 Co207 DeVD 136946 -0009 1346963 “0209 


170967. 77¢312 0.0387 
PRED 376674. 304307 405239 00207 132959 13-996 
SRD FLIGHT STAGE --eeewnnensonn= — a ----- o------ wennnwe 
Av 4ST IGNITION 1710666 7170299 ~-0e011 0.0382 -020004 
ACTUAL 3771366 0007 304342 $0246 1.5065 9-0060173 00207 Oe00 1349465 -0.09 13696) —U.09 
1707736 770313 0.0387 
PRED 376690. 3043.8 1.5239 020207 13.998 132996 
3RO FL 1 GMT § TAGE O20 2eeneeeeee22ee aoneen o eean2eece aeoae eeoeececen aeaecene 
AT 1ST MAINSTAGE 170894. 77030, 0011 0603932 -0209004 


ACTUAL 376755. OcO7 304363 70046 1465065 7000173 Oe207 OoOlL 136944 -0.09 134940 -0e09 


1401656 7602132 020467 
3RO FLIGHT STASE PREO 309010. 307902 128417 Ge206 130125 L3e12i 
AT 1ST CUTOFF Si Geoerenenmocensae waecce aaccee wooce eceeo-e enccese 
NAL 140203. 780197 00015 020463 -0.0003 


ACTUAL 3090956 0003 307846 70059 1698266 7000151 06206 e900 136116 ~-0006 idellhd -Ue06. 


SSS BSS OS OS BS OC FOSS 424 BES £4 BSSESE B24 224 SSE 8SE4E O42 E28 22S BES S&S 228644 2228 22S 8284224808 2S2E 4848 O22 22224 S 2 2228 22224228 £22262228 £0228 2222248082822 


140122. 780214 020467 
3RD FLIGHT STAGE PREO 3089166 307902 1.8417 00206 136123 1341329 
AT 18ST ENO THRUST qoweweeooreenee eocceee aaeoee scece wwacewe aa-cece 
OECAYs START COAST 1400 75. 780202 9020031 0604663 0.0003 
ACTUAL 308812¢ 70202 30788 0046 1268266 90-0151 00206 0200 134110 “0009 1301N7 -0.09 
139125. 780224 020468 
3RO FLIGHT STAGE PRED 306719. 207947 1.8439 0205 L3.117 L314 
AT 2ND START SEQ= oonmen en euoronn- ovecee ceeeee once ewewere 8 8 secre -- 
UENCE COMMAND 139140, 760215 =02009 0.0463 -020004 


ACTUAL 306750. 0001 3079¢3 ~-0036 148266 020173 020205 -0-02 130123 “0419 13-099 -0019 
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Table 16-10. Mass Characteristics Comparison (Continued) 


MASS LONGITUDINAL RAOTAL ROLL MOMENT PITCH MOMENT YAW MOMENT 
CeGe (KX STAe) CeGe OF INERTIA OF INERTIA OF INERTIA 
EVENT Sena en 208 2 ete ee a8 we we eee ees co eee e oe ence eres coer ense<c= enemewen eweewe —~ meee “ncnene we 
KILO 0/O METERS METERS KG=-mM2 0/0 KG-M2 0/0 KG-M2 0/06 
POUNDS DEVe INCHES DELTA INCHES DELTA xX10"6 DEVe X10°6 ODEVe xXs0-6 CEV. 
1391156 76e221 020468 
PRED 306695. 3079.5 138439 02205 132120 130117 
3RO FLIGHT STAGE ccecewooeceso== onco== serecer oanam wserece scorers 
AT 2NO IGNITION 139139. 780212 =02009 0260463 -0.0004 
ACTUAL 3C6748. 0202 307902 20636 1468266 “020173 026705 =-0202 13-106 -9.10 130103 -0410 
138951. 182226 020470 
PRED 306333. 3079.7 128536 06205 13e117 130114 
3RD FLIGHT STAGE coewooonncere==- ascoes ncn o<a=e aeneres weecrece 
At 2ND MAINSTAGE 138978. 780216 702009 0.04666 —0.00046 
ACTUAL 306393. 0202 3079¢4 $0036 1268363 7020173 04205 “05402 134103 “GelO 130100 ~0410 
65649. 86.2033 0.0975 
3RO FLIGHT STAGE PREO 144731. 338761 328421 02204 92265 50262 
AT 2ND CUTOFF seuneooooorsecs eceecee ecorere nonce weercn= wewroone 
SIGNAL 655956 862028 ~02005 020967 -0-0008 
ACTUAL 144611. 0.07 3386.9 *Ue20 3489102 -C.0318 04204 -0-01 52252 -9-23 50249 “0224 
65598. 862045 0.0975 
3RD FLIGHT STAGE PRED 144618. 338726 308421 0e20% 50252 +5e249 
AT 2ND ENO THRUST ocoeewewesecee= scence casero oovewe wreemwew eee 
OECAY 655526 862039 -02006 9040967 -040008 
ACTUAL 1465176 +006 3387.3 $0025 348102 “0.0318 04204 -9.01 56241 -0220 50238 062) 
333946 790219 020956 
PRED 13620. 3118.8 307670 02146 12664 12659 
CSM SEPARATED ose wwoswaenesece onenee sancee o2e-e oreca=e aoecern 
335226 790208 =-00011 020893 0.0063 
ACTUAL 739026 0038 311844 0046 365174 7002495 00146 “O0e21 1668 O426 1-663 Use23 
638326 652590 001175 
PRED 1407246 336967 426281 00196 4e617 Ge611 
CSM DOCKED sre aenenaesrarce= sosenm -oncee -—2c2- sence re orecnwe 
638696 852563 00027 001133 -060041 
ACTUAL 140851. 0209 336806 1006 404629 “001652 00195 “Oe22 40627 0023 Ge621 0423 
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ARATED 168296 7130796 0e015 061560 ~YV20090 
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SECTION 17 
LUNAR IMPACT 


17.1 SUMMARY 


All aspects of the S-IVB/IU Lunar Impact Mission objectives were accom- 
plished successfully except the precise determination of the impact point 
and time of impact. Preliminary analysis of available tracking data plus 
calculations based upon three lunar seismometer recordings of the impact 
indicate the S-IVB/IU was successfully maneuvered to impact the lunar 
surface within 350 kilometers (189 n mi) of the target. The loss of track- 
ing data at 97,799 seconds (27:09:59) has precluded determining the impact 
time and location within the mission objectives of one second and five 
kilometers (2.7 n mi), but these objectives may be eventually determined 

by analytical techniques not previously used. 


Based upon analysis to date the S-IVB/IU impacted the lunar surface at 
270,482 seconds (75:08:02) at approximately 2.1 degrees north latitude 
and 22.] degrees west longitude with a velocity of 2,655 meters per 
second (8,711 ft/s). This preliminary impact point is approximately 320 
kilometers (173 n mi) from the target of 2.3 degrees south latitude and 
31.7 degrees west longitude. 


Real time targeting activities were changed considerably from preflight 
planned operations because of the following real time indications: 


(1) IU GN2 cooling pressurant leakage, 

(2) unanticipated IU velocity accumulations during Timebase 7 (later 
identified as primarily platform biases), 

(3) suspected early S-IVB APS Module 7 propellant depletion (later 
identified as a He leakage problem), and 

(4) unsymmetrical APS ullage performance. 


Because of these indications, a more efficient LOX dump attitude was 
selected to reduce the APS targeting burn requirement. Due to the pro- 


blems with the vehicle, there would have been no opportunity to perform 
a second APS burn even if it had been required. 


17.2 TRANSLUNAR COAST MANEUVERS 


Following Command and Service Module (CSM)/Launch Vehicle (LV) separation 
at 11,099 seconds (3:04:59), the CSM was docked with the Lunar Module (LM) 
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at 12,113 seconds (3:21:53) and the CSM/LM was then ejected from the 
S-IVB/IU at 14,355 seconds (3:59:15). After CSM/LM ejection, the 
S-IVB/IU was maneuvered to the inertially-fixed attitude required for 
the evasive burn. Timebase 8 (Tg) was initiated 293 seconds earlier 
than nominal at 15,487 seconds (4:18:07). The APS ullage engines were 
started ] second following Tg and burned for 80 seconds. Table 17-1 
shows the actual evasive velocity increment was greater than real time 
expected or preflight planned. The direction of the actual velocity 
change was considerably off-nominal due to unsymmetrical APS performance. 


Because of a suspected early depletion of the APS Module 1 propellant 
and the unsymmetrical APS performance, the Lunar Impact Team (LIT) at 
the Huntsville Operations Support Center (HOSC) decided in real time to 
place the S-IVB/IU in a more efficient LOX dump attitude than preflight 
planned. This attitude change was to reduce Jater APS burn requirements. 
The commands for this maneuver were sent from the Mission Control Center 
at Houston (MCC-H) by the Booster Systems Engineer (BSE) to the S-IVB/IU. 


Following the maneuver to the updated Cuniinuous Vent System (CVS) and 
LOX dump attitude, the initial lunar targeting velocity changes were 
accomplished by means of a 300-second CVS vent starting 1,000 seconds 
after Tg and a 48-second LOX dump starting 1,280 seconds after Tg. 
Table 17-1 shows the CVS vent and LOX dump maneuver changes from pre- 
flight planned to real time expected as well as the postflight actual 
values. 


A significantly revised APS lunar impact targeting burn was then deter- 
mined in real time by the LIT. The commands for this APS burn (described 
in Table 17-1) were sent from the MCC-H by the BSE to the S-IVB/IU. At 
4,920 seconds following Tg (5:40:07) a 54-second APS burn was initiated. 
Table 17-1 again shows the unsymmetrical APS performance obtained during 
the maneuver. 


Because of limited APS capability and problems within the IU, the LIT 
decided to terminate the real time lunar impact operations. There- 
fore, no second APS targeting burn was attempted. The three-axis 
passive thermal] contro] (PTC} maneuver was then initiated at 2],306 
seconds (5:55:06) and the flight control computer was turned off. 


Figure 17-1 presents line-of-sight range rate residuals from a Goldstone 
DSN (GDSW) tracking station and depicts graphically the major S-IVB/IU 
velocity changes and the PTC tumbling. Residuals are obtained by 
differencing observed range rate data with calculated range rate data 
(observed minus calculated). The calculated range rate data is developed 
from a sophisticated orbital model which is statistically fitted to 
portions of the observed data. Figure 17-2 verifies the reconstruction 
of the maneuvers presented in Table 17-1 by showing the residuals result- 
ing from the same Goldstone tracking data but with the reconstructed 


Table 17-1. Translunar Coast Maneuvers 


REAL TIME 
ACTUAL EXPECTED ACT-RTE RTE-PFP 


TIMEBASE 8 IMTTIATION 
GMT Time [6 April, be win: sec 22.12.07 22:12:06 22:17:00 


Range Time, hr min: sec 4:18:07 4:18:06 4:23:06 
(sec) (15,4687) (15,486) (15,780) 


APS EVASIVE BURN 
Taittation, sec fros ', 1 i 1 
Duration, sec 80 80 80 


Velocity Increment, o/s 3.36 3.12 2.98 
(ft/s) (11.92) (10.24) (9.78) 


Pitch Attitudes, deg, tnerttal 6? 36 $5.44 $$.44 
(local) (17S .96)} (138.96) 


Vow Attitude*. deg. inertial 46,8) 46.00 60.00 
(local) (40.87) (40.67) 


C¥S VENT 


Inittation, sec from 1, 1,000 


Ouration, sec 300 


Velocity Increment, o/s 0.37 0.37 
(ft/s) (t.21) (1.21) 


Pitch Attitude, deg, taertial 112.66 64.66 
(loca!) (237.00) (189.00) 


Taw Attitude*, deg. inertial 4.98 12.98 
(tecat) (6.06) (14.00) 


LOFs OUNP 
= Inttiation, sec froe ur) 1,280 1,280 
Duration, sec a8 ae 


Velocity [acrement, a/s 8.07 0.85 8 -0.06 
(ft/s) (26. 48) (29.04) (-0.19) 


Pitch Attitwuees, deg, inertial 115.35 12.27 @8.00 
(Voce!) (237.00) (48.00) 


Yew Attitude*, deg, ine-tie! 6.97 4.91 ; -8.00 
(lecel) (6.00) (-8.00) 


APS LUMAR IMPACT BURN 
Inittation, sec from T, @,013 4,020 es3 
Duration, sec $4 1$86 - 104 


Velocity Increment, u/s 2.46 6.66 -4,22 
(ft/s) (8.01) (21.65) (-13.06) 


Pitch Attitude®, deg, tnertial 02.00 58.00 24.00 
(lecel) (213.00) (189.00) (24.00) 


Yew Attttude*, deg, inertial - 34.07 12.93 -47.00 
(local) (-33.00) (14.00) (-47.00) 





© Attitudes are the velocity increment direction. 


MOTE: ACT is an abbreviation fer ACTUAL 
ATE {s a anewonic fer REAL TIME EXPECTED 
PFP is a mnemonic for PREFLIGNT PLANNED 
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Figure 17-2. Modeled Translunar Coast Maneuvers and Eariy PTC Residuals 


maneuvers used in the orbital model to account for the velocity changes. 
It is to be noted that telemet2red IU platform accelerometer data was used 
to obtain the velocity and attitude data presented in Table 17-1. 


17.3 TRAJECTORY EVALUATION 


Table 17-2 presents the actus] and nominal geocentric orbital parameters 
of the S-IVB/IU trajectcry after the APS targeting burn. 


Figure 17-2 shows the initiation and early portion of the PTC tumbling. 
The tumble, as seen by the Goldstone station, starts at approximately 5.2 
cycles per hour (cph) and increases graduaily. The 5.2 cph is equivalent 
to 0.52 degree per second which is close to the commanded pitch, yaw, 

and rol] tumble rates. Figure 17-3 shovs the later portion of the PTC 
tumbling, as seen by a Madrid DSN (MADW) tracking station, decreasing 
gradually with a rather significant frequency change occurring over a 
3-hour period starting at approximately 22 hours range time. Further 
analysis is required on the PTC tumbling residuals from the several track- 
ing stations observing the vehicle before final conclusions can be reached 
about the significance of these frequency changes. It is to be noted that 
the amplitude of the range rate modulations for the AS-511 S-IVB/IU is 
twice as great as for the AS-510 S-IVB/IU. This factor coupled with the 
less of traci ina cata at approximately 27 hours range time may preciude a 
precise determination of the impact trajectory. 


Table 17-2. Geocentric Orbit Parameters Following APS Impact Burn 


PARAMETER ACTUAL NOMINAL fF ..T-NOM 


Semi-Major Axis, km 232 ,057 234 ,663 -2 ,606 
(n mi) (125,301) (126,708) (-1,407) 


0.971884 0.972549 -0.000665 


-1.717695 ~ 1.698616 
(-0.500800) (-0.495237) 



















Eccentricity 

















C5*, km2/s2 


-0.019079 
(n mi2/s2) 


(-0.005563) 






















Perigee Radius, km 6 525 6,442 83 
(n mi) (3,523) (3,478) (45) 
17.4 LUNAR IMPACT CONDITIONS 


Figure 17-4 presents the lunar landmarks of interest relative to the pre- 
liminary estimate of the S-IVB/IU impact. Tracking analyses to date 
indicate the S-IVB/IU impacted the moon at 2.1 degrees north latitude and 
22.1 degrees west longitude at 21:02:03 GMT on April 19, 1972 (75:08:03). 
This impact point is accurate within about 60 kilometers (32 n mi) in 


17-5 


Sider ae 


apna ave er 


RANGE RATE 


RESTOUALS , 


mm/s 


RANGE RATE 


RESIDUALS , 


RANGE RATE 
RESIOUALS , mm/s 





LC A 
LT 





8.0 19.06 
RANGE TIME , HOURS 
9.8 
cph 





38 39 
TIME FROM GREENWICH 00:00:00 APRIL 16, HOURS 


20.0 23.0 


21.0 22.0 
RANGE TIME , HOURS 
8.8 
cph 


RT A 


CAAA AA AT 


TIME FROM GREENWICH 00:00:00 APRIL 16, HOURS 


24.0 25.0 26.0 27.0 
RANGE TIME | HOURS 


Figure 17-3. Late Residuals Showing PTC Frequency Decrease 
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Figure 17-4. Lunar Landmarks of Scientific Interest 


position. Further analysis, currently in work, will refine the impact 
conditions. It may not be possible to determine the impact point within 
the 5-kilometer (2.7 n mi) and 1-second mission objectives because of the 
high tumble amplitude and the loss cf tracking data. Figure 17-4 presents 
impact results from MSC's real time analysis of tracking data, from past 
flight analyses, and from seismometer recordings. 


Comparison of impact parameters with the OT and miss distances from the 
lunar landmarks of interest as derived from vostflight analyses are pre- 
sented in Table 17-3. The distance from the impact point to the target 
is 320 kilometers (173 n mi) which is within the 350-kilometer (189 n mi) 
mission objective. Table 17-4 presents the Apollo 12, 14, and 15 seis- 
mometer actuation times due to the impact. calculations by the principal 
seismic experiment investigator give a derived impact point which is 2.2 
degrees west of the preliminary tracking point. The calculated time of 
impact given in Table 17-4 is taken as the best estimate of the lunar 
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impact time and is the basis for the time quoted in the summary. The 
principle seismic investigator reports an accuracy of + 2 seconds in 


the impact time. 


17.5 TRACKING DATA 


Figure 17-5 shows the tracking data available to the trajectory determina- 
Table 17-5 shows the tracking site locations and configuration. 


tion. 


Both C-Band and S-Band data of good quality were received. 


However, as 


indicated in Figure 17-5, tracking stopped at 97,799 seconds (27:09:59). 
Hence, following CSM separation, approximately 24 hours of data are 

available for analysis on the AS-511 whereas for the AS-509 vehicle 79.5 
hours of data were available and for the AS-510 vehicle 76 hours of 


data were available. 


Table 17-3. Lunar Impact Conditions 


PARAMETER AT IMPACT 


Stage Mass, kg 
(ibm) 

Velocity Relative 

to Surface, m/s 
(ft/s) 


Impact Angle Measured 
From Vertical, deg 


Incoming Heading Angle 
Measured From North to 
West, deg 


Seltenographic Latitude, 
deg 


Selenographic Longitude, 
deg 


Impact Time, GMT 19 April 


Distance to Target, km 
(n mi) 


Distance to Apollo t2 
Setsmometer, km 
(n wif) 


Distance to Apollo 14 
Seismometer, km 
cn mt) 


Distance to Apollo 15 
Seismometer, km 
nmi 


ACTUAL 


113,973 
(30,805) 


2l: 


NOMINAL ACT-NOM 


13,973 
(30,805) 












2,565 
(8,415) 






-31.7 
20:24:08 


9.6 
00:37:55 


320 
(173) 















-96 
(-52) 







-209 
(-113) 







~307 
(-166) 





Note: Real time analysis of tracking data gave impact at 1.8° 
latitude, -23.3° longitude, and 21:01:03 GMT 19 April. 
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Table 17-4. Lunar Impact Seismic Data 


LOCATION IMPACT SIGNAL RECEPTION TIME 
LATITUDE CONGITUDE GMT 1S APRIL, 1972 
deg deg 


-23.34 








SEISMOMETER 


Apollo 12 





21:02:32 









Apollo 14 21:02:40 





21:04:30 






Apollo 15 


NOTE: The derived Apollo 16 S-IVB/IU impact conditions are ; 
2.1° latitude, -24.3° longitude, and 21:02:02 GMT 19 April? (75:08:02 range time). 
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Figure 17-5. Tracking Data Availability 
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Table 17-5. S-IVB/IU Tracking Stations 


STATION LOCATION CONFIGURATION ABBREVIATION 


Madrid, Spain DSN 85' S-Band 

Madrid, Spain MSFN 85' S-Band 
Ascension Island MSFN 30° S-Band 
Bermuda Island MSFN 30° S-Band 
Merritt Island, Florida MSFN 30° S-Band 
Greenbelt, Maryland MSFN 30' S-Band 
Goldstone, California DSN 85' S-Band 

Goldstone, California MSFN 85° S-Band 
Kauai, Hawaii MSFN 36° S-Band 
Guam Island MSFN 30° S-Band 
Carnarvon, Australia MSFN 30' S-Band 
Tidbinbilla, Australia DSN 85° S-Band 

Canberra, Austratia MSFN 85' S-Band 
Bermuda Island FPQ-6 C-Band 





Merritt Island, Florida TPQ-18 C-Band 
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SECTION 18 
SPACECRAFT SUMMARY 


The spacecraft was manned by Captain John W. Young, Commander; Lt. 
Commander Thomas K. Mattingly II, Command Module Pilot; and Lt. Colonel 
Charles M. Duke, Jr., Lunar Module Pilot. The spacecraft/S-IVB com- 
bination was inserted into a parking orbit for systems checkout and 
preparation for the translunar injection maneuver. The command and 
service module was sepirated from the S-IVB at about 3 hours and docked 
with the lunar module. 


The crew observed that the thermal coating was flaking from the sur- 
face of the lunar module directly below the docking target. Because 
of this, an unscheduled ingress was made into the ,unar module to 
verify that the spacecraft systems were functioning normally. 


The only translunar midcourse correction was made at the midcourse 

No. 2 option time to reduce the closest approach to the moon to 71.4 
nmi. During translunar coast, a significant command and service 
module systems problem was encountered. A false indication of inertial 
measurement unit gimbal lock was received by the computer; therefore, 
a software program was provided to inhibit the computer from respond- 
ing to such indications during critical operations. Prior to lunar 
orbit insertion, the scientific instrument module door was jettisoned. 
The spacecraft was inserted into a lunar orbit of 170 by 58 n mi. 
following a service propulsion firing of 374.9 seconds. Four hours later, 
the descent orbit insertion maneuver was performed to lower the space- 
craft orbit to 58 x 11 miles. 


The crew entered the lunar module at 93 1/2 hours to prepare for descent 
to the lunar surface. While activating the lunar module systems, the 
S-band steerable antenna was found to be inoperative in the yaw plane; 
therefore, the two omnidirectional antennas were used for most of the 
remaining lunar operations. A pressure regulation problem in system 

A of the reaction control system was also discovered; however, the condi- 
tion had no significant effect on the mission. 


The lunar landing was delayed approximately 5 3/4 hours because of 
oscillations detected in a secondary yaw gimbal actuator on the service 
pronulsion system engine during systems checks. Tests and analyses 
showed that the system was still usable and safe. Following the 

problem assessment, the command and service module successfully performed 
the circularization maneuver on the primary gimbal servo system. 


The lunar module powered descent proceeded normally and the spacecraft 
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landed 276 meters northwest of the planned landing site at about 104 
1/2 hours. About 100 seconds of hover time remained at touchdown. The 
best estimate of lunar surface position is 8 degrees 59 minutes 29 
seconds south latitude and 15 degrees 30 minutes 52 seconds east 
longitude. 


The junar surface activity was rescheduled because of the later-than- 
planned landing and the surface stay was initiated with an 8-hour rest 
period. 


The first extravehicular activity began at 119 hours. Television 
coverage of surface activity was delayed until after the Lunar Roving 
Vehicle (LRV) systems were activated because of the less of the steer- 
able antenna on the lunar module. The experiments package were deployed 
but accidental breakage of the electronics cable on the heat flow 
equipment caused the loss of that experiment. All planned stations were 
visited and samples were obtained in the vicinity of Flag and Spook 
Craters. The crew activated the active seismic experiment and trans- 
ferred about 42 pounds of samples into the lunar module. The extra- 
vehicular activity duration was 7 hours and 11 minutes. 


One station was eliminated from the second traverse. During this 
extravehicular activity, geological investigations and lunar sampling 
were conducted first at Stone Mountain, and then at several craters 
on the return traverse. About 71 pounds of samples were obtained 
during the 7 hour and 23 minute activity. 


The third extravehicular activity was reduced in time and scope due 

to the late landing. The rim of North Ray Crater was examined in detail, 
as was an area about 3/4 kilometer from the crater. About 100 pounds 

of lunar samples were obtained during this 5 hour and 40 minute extra- 
vehicular activity. 


The lunar surface activities lasted 20 hours and 14 minutes and an 
estimated 213 pounds of samples were collected. The total distance 
traveled in the LRV was about 27 kilometers. The crew remained on 
the lunar surface approximately 71] hours. 


While the lunar module crew was on the surface, the Command Module 
Pilot operated the iunar orbit experiments. Some problems were encoun- 
tered with the laser altimeter and the panoramic camera. 


Lunar ascent was initiated at 175 i/2 hours and was followed by a 

normal rendezvous ana docking. The lunar module had no attitude control 
at jettison; consequently, a de-orbit maneuver was not possible. The 
estimated orbitai life of the lunar module is about 1 year. 


The particles and fields subsatellite was launched into lunar orbit and 
normal systems operation is indicated. The mass spectrometer deploy- 
ment boom stalled during a retract cycle and was therefore jettisoned 
rrior to transearth injection. The second plane change maneuver and 
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some orbital science photography were deleted, thus allowing transearth 
injection to be performed about 24 hours early. Transearth injeccion 
was initiated at about 200 1/2 hours with a 162.3-second firing of the 
service propulsion system. 


The transearth coast phase cf the mission included photography for 
Skylab contamination studies and visual light flash phenomenon 
investigation. A 1 hour and 24 minute transearth extravehicular 
activity was conducted during which the Command Module Pilot retrieved 
the film cassettes from tne scientific instrument module cameras, 
visually inspected the equipment, and performed the micrehial response 
in space environment experiment. Two midcourse corrections were 

made on the return flight. 


Entry and landing were normal. The command moduie was viewed on tele- 
vision while on the drogue parachutes and continuous coverage was 
provided through crew recovery. The spacecraft landed at 0 degrees 

42 minutes south latitude and 156 degrees 12 minutes 48 seconds west 
longitude, as determined by the onboard computer. Total time for the 
Apollo 16 mission was 265 hours, 51 minutes, and 5 seconds. 
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SECTION 19 
APOLLO 16 INFLIGHT DEMONSTRATION 


One in“light demonstration was conducted as proposed by the Marshall 
Space Flight Center to demonstrate Electrophoretic Separation in a zero 
g environment. The Electrophoretic Separation Demonstration, a chemi- 
cal separation process basec on the motion of particles in a fluid due 
to the force of an electric field, was conducted to show the advantages 
of the almost weightless environment. 


On earth, electrophoresis has to contend with sedimentation and ther- 

mal convective mixing which limits its usefulness for high molecular 
weight materials and large volume samples. The demonstration was expected 
to snow that e’ectrophoresis in space is not limited by molecular 

weight and volume. 


The test instrument was a 4 by 5 by 6-inch box, weighing 7 pounds and 
requiring 32 watts of 115 voits, 400 cycle power for one hour. 

viewing window was provided so that the action in the test tubes could 
be photographed employing a series of twelve 70mm Hasselblad exposures 
spaced 20 seconds apart. The electrical system included white fluores- 
cent lights, pump motor, and 300 vdc rectified power for the electro- 
phoresis electrodes in the ends of the tubes. The fluid system included 
a peristaltic pump, filter, gas phase separator and tubing to flush the 
electrodes. The flowing fluid was separated from the passive fluid 

in the test tubes by dialysis membranes, although a dilute boric acid 
soiution was used throughout. 


The preliminary assessment of the demonstration indicates that the 
electrophoresis was more distinct than on earth and fluid convection 
effects were minimal. The photographs were clear and sharp and the crew 
commentary thorough. 
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SECTION 20 
LUNAR ROVING VEHICLE 


20.1 SUMMARY 


The Lunar Roving Vehicle (LRV) satisfactorily supported the lunar explora- 
tion objectives. The total odometer distance traveled during the three 
traverses was 26.9 kilometers at an average velocity of 7.8 km/hr. 

Refer to Figure 20-1 for LRV traverse map. The maximum velocity attained 
was 17.0 km/hr and. the maximum slope negotiated was 20 degrees. The 
average LRV energy consumption rate was 2.1 amp-hours/km with a total 
consumed energy of 88.7 amp-hours (including the Lunar Communication 

Relay Unit (LCRU) out of an approximate total available energy of 242 
amp-hours. The navigation system gyro drift and closure error at the 
Lunar Module (LM) were negligible. 


Controllability was good. There were no problems with steering, braking, 
or obstacle negotiation, except downslope at speeds above 10 kph, where 
the vehicle reacted like an "auto driven on ice." Brakes were used at 
least partially on all downslopes. Driving down sun was difficult 
because of poor visibility of the "washed out" lJurain. 


. All interfaces between crew and LRV and between LRV and stowed payload 
were satisfactory. 


The following anomalies were noted during lunar surface operation: 


a. The LRV battery cooldown between EVA's 1] and 2 and between EVA's 
< and 3 was insufficient causing battery over temperature before 
the end of the mission (reference paragraph 20.12). 


b. Subsequent to contro] panel reconfigurations, the crew reported after 
Station 9 that the navigation system distance, range, and bearing 
indications were not updating (reference paragraph 20.10) and during 
an amps check between Stations 6 and 8 on EVA 2, Battery #2 read 
zero amps (Reference paragraph 20.8.2). 


c. In the LEV instrumentation system, the crew reported at post deploy- 
* ment checkout that four of six meters were off scale low (reference 
paragraph 20.8.3) and that the rear steering system was inoperative 
(reference paragraph 20.8.4). On EVA 2 the vehicle attitude indicator 
pitch scale debonded and fell off (reference paragraph 20.10). Also, 
on EVA 2 the amp-hour meter #2 indication increased and the amp-hour 
meter #1 indication decreased much faster than expected (reference 
paragraph 20.8.5). On EVA 3 the Battery #1 temperature meter indicated 
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Figure 20-1. Apollo 16 LRV-2 Traverses 
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off scale low (Reference paragraph 20.8.3). 


d. The right rear fender extension was bumped by a crewman and knocked 
cff on EVA 2. 


20.2 DEPLOYMENT 


Deployment of the LRV from the LM was completed successfully using less 
than 10 minutes of crew time. The operation was smooth and no signi- 
ficant problems were encountered. The landing attitude of the LM was 
favorable (less than 3° inclination) and did not adversely affect the 
operation. Three minor irregularities were noticed; (1) both walking 
hinges were unlatched and had to be latched by the crew prior to begin- 
ning deployment, (2) the aft wheels did not lock during the course of 
the operation and were locked by the crew, however, the wheels would 
have eventually locked when the LRV reached the lunar surface, and (3) 
the chassis lock pins did not seat fully in place but the crew had no diffi- 
culty in seating the pins by using the deployment assist tool. Even 
though these occurrences were deviations from design performance, they 
eee cess and normal deployment procedures were adequate to 
handle them. 


LRV set up and checkout required less than 9 minutes of crew time. DOuring 
checkout four of six meters and rear steering were inoperative. These 
are discussed in paragraphs 20.8.3 and 20.8.4, respectively. 


20.3 LRV TO STOWED PAYLOAD INTERFACE 
The interfaces between the stowed payloads and LRV were satisfactory. 
20.4 LUNAR TRAFFICABILITY ENVIRONMENT 


The lurain created no unusual operating problems for the LRV. In general, 
the lunar surface character was gently undulated, hummocky, and abundantly 
cratered. It was littered in some areas by boulders (see Figure 20-2), 
often up to 25 centimeters in diameter which contributed to the higher 
average wander factor of 22.2 percent (see Performance Table 20-1). 
Pre-mission planning assumed a wander factor of 10 percent based on 
Apollo 15 data and on surface details that were discernible on 20 meter 
resolution photographs. The high wander factor seen on EVA 1 (40 percent) 
is attributed to the initial driving conservatism and to the zig-zag 
steering mode employed to compensate for poor visibility caused by 
driving down sun. 


The crew reported driving was easy on a level surface relatively free 
of obstacles. On this type of surface the indicated vehicle speed ranged 
between 11 kph and 14 kph. 


On the basis of crew debriefings and EVA photographic coverage, it 


appears that the LRV was operated uphill and downhi]? on slopes of 20 
degrees or more. Because of its light weight and the excellent traction 
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Table 20-1. LRY Performance Summary 


EVA 1 EVA 2 EVA 3 TOTAL PRE -MISSION 
Drive Time (HR:MIN:SEC) 06.43 1:3] 1:12 3:26 3:41 
Odometer Distance (KM) 4,2 11.3 (Lstimated; 11.4 26.9 27.6/ 
Map Distance (KM) 2.0 9.9 10.0 22.0 25.6 
Ride Time (MIN) Approx. 43 Approx. 91 Approx. 72 -- -- 
Park Time (MIN) Approx. 219 Approx. 236 Approx. 146 wa a 
Total Time of Traverse (MIN) Approx. 262 Approx. 327 Approx. 218 ee 5 
Average Velocity (KM/HR) 5.87 7.43 9.5 7.8 7.5 
Mobi lity Rate (KM/HR) 4,17 5.92 8.3 6.36 7,3 
Energy Rate 2.2 2.26 1.9 2.1 3.0 
(Amp -Hr/Km - LRV Only) 
Anp-Hours Consumed = ERY ars ('.3.9) ae (43.00) mn (21.76) a (88.7) 114 
LCRU 14.7 17.4 0 
Maximum Speed Reported (KPH) W " 11-14 fe a 
(17 Down) 
Maximum Slope Reported (Degrees) -- 20° 15° Up and Down -- es 
Number of Navigation Checks 1 3 
8 Number of Navigation Updates 0 3 
ne Navigation Closure Error (M) 0 0.2 
Maximum Position Error (M) -- 280 
Gyro Orift Rate(Oegrees/Per Hour) None 1.6 
Gyro Misalignment = 7 
Wander Factor & Slip (Percent) 22.2 10.0 





Definitions 


Map Distance - Map distance traveled, neglecting deviations around small craters. 

Total Ride Time - The time spent riding, including minor stops, Grand Prix Runs, from departure to arrival at the LM. 
Ride Time - Total ride time minus Grand Prix and minor stops. 

Average Velocity - The odometer reading at the end of the traverse divided by the ride time. 

Mobility Rate - The map distance divided by the ride time. 

Navigation Closure Error - The position error in the navigation system at the end of the traverse. 


speed - mobility rate 
Wander Factor & Slip, s eeebITty rate x 100%. 


[= Navigation readouts stopped incrementing at a range of 2.6 Km. 





obtained, the general performance of the vehicle on these slopes was 
satisfactory. Maneuvering the venicle on slcpes did not present any 
serious problems. It was reported that the vehicle could be con- 
trolled more easily on upslone than down-slope. Maximum speed reached 
was 17 kph down-slope. Vehicle traverse cross slope caused crew dis- 
comfort and was avoided whenever possible. 


e035 WHEEL SOIL INTERACTION 


As on Apollo 15, the LRV made only 2 shailow imprint on the lunar surface. 
This crew observation is supported by numerous photographs obtainec 
during the lunar surface EVA's. The depth of the wheel tracks avereged 
1-1/2 cm (1/2 in) for a fully loaded IRV (vehicle, crew, payload). The 
LRV ‘heels (wire mesh/Chevron 50 percent by area) developed excellent 
traction in the iunar surface material. In most cases a sharp imprint 
of the Chevron tread was cleariy discerniple, indicating that the surface 
soil possessed a smail amount of cohesion and the amount of wheel slip 
was minimal. The shaliow wreel track indicetes the good fiotation pro- 
vided by the Chevrons and also indicates that tne primary energy losses 
were due to compaction and rolling resistance and that bulldozing was 
minimal. This observation is supported Ly the small error of traverse 
closure in the navigation system. 


20.6 LOCOMOTION PERFORMANCE 


The locomotion performance of the LRV was satisfactory and met all cf the 
demands required by the Apollo 16 mission. Comparison of the LRV amp- 
hour integrator readings with pre-flight predictions indicates that the 
LEY power usage was Slightly less than expected. This comparison is 
sown in Figure 20-3. Locomotion performance is contained in Table 


~ 
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Amp-hour readings received beyond Station 9, EVA 2 were questionatie due 
to an amp-nour integrator problem (refer to paragraph 20.8.5). Enough 
data points had been obtained to allow the assumption of a soil type for 
use in post mission analysis. This same soil type, which seems to give 
excellent results for Apollo 16, also gave the best ov2rall results for 
the post Apnilo 15 analysis. This consistency of soil characteristics 
should permit imprc-ed prediction of power consumption for Apollo 17. 


20.7 MECHANICAL SYSTEMS 
20.7.1 Harmonic Drive 


The harmonic drive performed satisfactorily; no excessive power consumption 
or temperatures were noted nor was any mechanical mai function apparent. 


20.7.2 Wheels and Suspension 


The wheels and suspension systems performec as expectec. The maximum vehicle 
speed/obstacle size encountered was 8-10 kph over an obstacle 30 centimeters 
high. The suspension vas noted to “bottom out." This also occurred during 
the Apullo 12 mission and is conside.ed normal whenever the LRV is tra- 
v-ling at a relatively high velocity and encounters obstacies approximately 
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Figure 20.3 LRV Power Usage 





3C centimeters high. 

20.7.3 Brakes 

The LRV braking capability was reported to be excellent. The wheels 
tended to completely lock and the vehicle came to a complete stop within 


one to three vehicle lengths. There was no instance of "fade" even 
during prolonged down-slope braking. 


20.7.4 Stability 

The LRV was stable and had no tendency tu roi]. The response was pre- 
dominantly a pitching motion producing a low frequency "rocking" type 
ride. The wheels became airborne occasionally, but did not cause a 


controllability problem. Driving cross slope, although stable, proved 
to be an uncomfortable driving condition. 


20.7.5 Hand Controller 
The hand controller performed satisfactorily. 
20.7.6 Loads 


Instrumentation was not available on the LRV to ascertain incuced loads. 
No evidence of load problems was reported. 


20.8 ELECTRICAL SYSTEMS : 


The LRV electrical systems performed with no major impact on the mission. 
Electrical anomalies are elaborated on in the following paragraphs. 


SERS Naan frees te 


20.2.1 Batteries i 


The battery capacity was more than adequate for the mission. Amp~-hour é 
measurements were erratic after Station 9 of EVA 2, but amp-hour usage 
including LCRU, was estimated to be 88.7 out of a nominal capacity of 
242 amp~-hours for the two batteries. 


20.8.2 Traction Drive System 


The traction drive system performed satisfactorily. There were no 

indications of any off nominal conditions within the traction drives ; 
and all four units performed as expected. The maximum temperature of ‘ 
any traction drive unit was 225°F which occurred on EVA 3. 


During amps checks between Stations 6 and 8 on EVA 2, Battery #2 ammeter 
read zero. During a ma‘function procedure at Station 8, the crew found 
that the Pulse Width Modulator (PWM) Select Switch had been inadvertently 
tripped from PWM “Both” to PWM "1", in spite of it being a guarded switch. 
This prevented a drive enable pulse from being received by the rear drive, 
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therefore no current was being drawn from Battery #2. The switch was pro- 
bably hit during retrieval of the »towed LMP seat belt or during operation 
ot the l6mm Data Accuisition Camera. There was no mission impact. Rear 
drive enable was switcned to PWM-1 for the remainder of EVA 2 and the 
console was returned to normal configuration for start of ‘EVA 3. 


20.8.3 Distribution System 


The electrical distribution system provided power to all functions as 
required. The following two instrumentation anomalies were noted: 


a. At post deployment checkout, amp-hour Meter #2, Battery #2 voltmeter, 
Battery #1 and Battery #2 temperature meter failed to indicate. 
All meters operated satisfactorily upon leaving the Modularized 
Equipment Stowage Assembly (MESA) stop. No single failure point 
has been identified that would explain all the meter malfunctions. 
Tests on four similar meters were performed at MSFC in an attempt 
to duplicate tne anomaly. The meters were first checked in a 
thermal vacuum chamber to -60°F after which they responded to an 
applied voltage wit! out failure. A cold soak in the chamber to 
-30°F for four days was conducted, again with no failures. A 
cold soak test of the LRV Qualification Unit will be conducted in 
an attempt to duplicate the failure. 


b. Battery #1 temperature meter was off scale low at the end of EVA 
3. Possible causes are meter or sensor failure. The ex:-t cause 
cannot be determined because of lack of data. 


20.8.4 Steering 


The LRV steering performed satisfactorily for all three EVA's. However, 
on the initial drive from post deployment checkout to the MESA stop, 

the crew reported no rear steering. Upon leaving the MESA, both steer- 
ing systems were operational. The cause has not been determined, how- 
ever, it may be associated with the meter concerns in paragraph 20.8.3. 
Investigation is continuing. At the beginning of EVA 1, the crew found 
the double Ackerman steering very sensitive, and after a short drive 
crew reported the steering mode excellent. 


20.8.5 Amp-Hour Integrator 


The amp-hour integrator readings diverged during EVA 2. At Station 9 the 
amp-hour meter #2 indication increased (i.e., battery charging which is not 
possible). Also, Battery #1 amp-hour meter indication decreased much 
faster than expected based on previously observed power usage. This 
condition existed for the remainder of the mission. No explanation has 
been developed for the amp-hour integrator behavior. No single failure 

has been identified which would cause both amp-hour integrators to perform 
as they did. There was no impact to the Apollo 16 mission as a power 
consumption trend had already been established from prior EVA 1 and EVA 

2 data. Investigation is continuing. 
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20.9 CONTROL AND DISPLAY CONSOLE 


The control and display console displays proved adequate. All switches 
and circuit breakers were satisfactory and within reach of the Com- 
mander eye However, some difficulty was apparently experienced 
during panel switch/circuit breaker reconfiguration. This is discussed 
in paragraph 20.10, Navigation System. 


20.10 NAVIGATION SYSTEM 


The Navigation System satisfactorily supported the Apollo 16 Mission 
except fo the loss of distance, raige, and bearing calculations during 
EVA 2. The Navigation System stayed weil within the mission planning 
value for position error (100 meters) during EVA's 1 and 3 and did not 
require an update during lunar operation. Table 20-1 contains a summary 
of navigation performance. 


After leaving Station 9, EVA 2, (approximately 1.2 km traveled) the 
crew reported that the distance, range, and bearing indications were 
not updating. This condition remained for the balance of EVA 2. To be 
operative, the odometer logic requires inputs from at least three 
powered wheels. Refer to Figure 20-4 for Navigation System Block 
Diagram. 


Post flicat analysis using crew photographs and mission transcripts 
substantiate crew navigation readouts from Station 8 to Station 9 and 
the final readout on reaching Station 9, indicating that the Navigation 
System problem was due to an occurrence at Station 9. 


Heading and speed indicators operated normally throughout EVA 2, indi- 
cating that power was on the Navigation System, that pulses were being 
received from the right rear (RR) whee, the 400 4z inverter was opera- 
ting, and the +16 vdc power supply was operative. At the Apollo Lunar 
Surface Experiments Package (ALSEP) site the navigation reset was acti- 
vated and all indicators reset to zero, indicating that power was 
available at the counters and that they were not mechanically bound. 
The front whee] temperatures were off scale low and the rear wheel 
temperatures were 210°F indica.ing higher use of rear wheels. This 

was the only time any whee] temperature indicated above 200°F (lowest 
indication on temperature scale) on EVA 2. 


At Station 9, in an attempt to control battery temperatures, all LRV 
power was removed from Battery #2 by pulling Bus D circuit breaker. 
Refer to Figure 20-5 for an LRV power schematic. Previously, at 
Station 8, Bus € circuit breaker had been pulled to switch LCRU 

power to Battery #1 (Bus C and D circuit breakers control al] power 
from Battery #2; Bus A and B circuit breakers contro! all power 

from Battery #1). Refer to Figure 20-6 for a Control and Display 

Panel configuration and circuit breaker location. Loss of front 

wheel power could have resulted from either (a) the two front drive 
power switches (refer to Figure 20-6) being switched fram Bus A to some 
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LRV Power Schematic (Sheet 1 of 2) 
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Figure 20-5. 
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LRV Power Schematic (Sheet 2 of 2) 
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other position or (b) an intermittent component or wiring failure to 
the front drive power system. 


The probability of a component or wiring failure is considered low 
because the Navigation System operated normally through EVA 3 when the 
Control and Display Panel was returned to normal configuration. The 
most probable cause is the inadvertent switching of the front drive 
power switches. 


Laboratory tests on the Qual Vehicle ©"” on a subsystem breadboard indi- 
cate that the only failures within the Navigation Subsystem which would 
result in conditions experienced (i.e., lack of distance, bearing, and 
range update) would be a malfunction in the third-fastest-wheel selection 
logic or the five volt power supply. The only ccndition tested on the 
Qualification Vehicle which reproduced the anomaly was the removal of 
power from the two front wheels by switching the front drive power 
switches from Bus A. This permits only two odometer signals to be 
received by the odometer logic circuit, thus preventing selection of 

the third-fastest-wheel for the distance, range, or bearing calculations. 


There was no indication from the crew (through review of flight trans- 
cript or crew debreifing) that power was removed from the front wheels 
at Station 9. However, no other explanation has been developed which 

would account for this condition. 


Also on EVA 2, the LRV vehicle attitude indicator pitch scale debonded 
and feli off. There was no impact on the mission as the pointer worked 
and the crew could estimate a reading adequately. A similar problem 
occurred during Qualification test of the LRV, and a new adhesive was 
incorporated for all flight units (LRV-1 through -3). No deficiencies 
in the LRV-3 bonding procedure have been identified and no change is 
planned for LRV-3. The LRV-3 vehicle attitude indicator will undergo 
en inspection during prelaunch checkout at Kennedy Space Center 
(KSC). 


20.11 CREW STATION 


The crew reported no problem with the basic crew station. The new seat 
belt design functioned satisfactorily. The adjustments determined 

during the KC-135, 1/6 G test flights proved to be very good, with 

only minor adjustments required on the lunar surface. Access and stowage 
was adequate, however, retrieval of the LMP belt from its stowage ioop 

on the camera staff could have caused the PWM select switch condition 
discussed in paragraph 20.8.2. 


The Velcro used to tie down the seat in stowed position was described 


as difficult to remove. The mated surface of the Velcro is 2 inches 
by 3.5 inches. No chauges are planned for LRV-3 at this time. 
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The crew reported that the rignt rear fender extension was bumped and 
knocked off while working around the aft end of the LRV. This created 
a significant problem in that excessive dust was thrown forward onto 
the crew and LRV by the rear wheel. A redesign of the fender extension 
stop is being incorporated to eliminate this problem. 


20.12 THERMAL 
20.12.11 Summary 


The thermal control system performed satisfactorily, during the trans- 
portation phase. On the ‘unar surface, higher battery temperatures 
than predicted were noted and specia. operating procedures were imple- 
mented in an attempt to control battery temperature. In spite of 
these procedures, the temperatures of both batteries exceeded specifi- 
cation (125°F) before the end of EVA 3. 


20.12.2 Transportation Phase 


Analysis indicates ali LRV components were maintained within storage 
temperature limits during the transportation phase (translunar coast, 
lunar orbit, pre-deployment attitude). 


20.12.3  Extravehicular Activity Periods 


All LRV components remained within operational temperature limits 
throughout the three lunar surface EVA's with the exception of the 
batteries. As predicted, motor temperatures were off-scale low through- 
out most of the EVA's. The actual and predicted maximum motor tempera- 
tures were 225°F (107°C) and 228°F (109°C), respectively. 


The battery cooldown between EVA's 1 and 2 and between EVA's 2 and 3 

was insufficient causing battery over temperature before the end of 

the mission. Refer to Figures 20-7 and 20-8 for temperature profile. 
The indicated battery temperatures at EVA 1 initiation were 82°F (28°C), 
slightly higher than the 75°F (24°C) that was predicted based on delayed 
landing time. During EVA 1, Battery #1 and #2 temperatures increased 

to 104°F (40°C) and 105°F (41°C) respectively, essentially as expected. 
At the beginning of EVA 2, the temperatures of both batteries was much 
higher than expected. Refer to Figures 20-7 and 20-8. 


During EVA 2, battery load switching was performed to prevent Battery 

#2 from exceeding the 125°F (52°C) operating limit (refer to paragraph 
20.10). At the end of EVA 2, Battery #1 and #2 temperatures were 110°F 
(43°C) and 120°F (49°C). Again, at the beginning of EVA 3, both battery 
temperatures were much higher than the pre-landing predictions. Battery 
load switching (all power except Navigation System removed from Battery #2 
at Station Th was again tried during EVA 3 in an attempt to control battery 
temperature. However, both batteries exceeded the 125°F (52°C) design 

limit (Battery #2 at Station 11 and Battery No. 1 at Station 13). It 

was recommended that the battery dust covers be opened at Station 11, 
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but crew timeline limitations prevented the implementation. 


Battery #2 indicated a closeout reading of 143°F (62°C), however, it 

was still functional. Battery #1 indicator read off scale low at the 
end of EVA 3 (refer to paragraph 20.8.3b), but the battery was still 

functional. Battery temperature was estimated to be 130°F (54°C). 


Two conditions have been icentified as prime contributors to the insuf- 
ficient battery covidown between EVA's 1 and 2 and EVA's 2 and 3. 


a. Dust accumulation on _RV battery mirrors degraded normal cooldown. 
The crew reported at the end of both EVA 1} and EVA 2 that the LRV 
battery mirrors remained dust covered after having been brushed as 
well as possit 2. At best the value of d:sting is limited and every 
precaution should be taken to preclude getting dust on the mirrors. 


b. The LRV was parked too close to the LM between EVA's causing radiant 
heating from the LM to the LRV. A heading orientation was imposed 
and followed by the crew, but no distance constraint from the LM was 
included in the parking requirements. This parking condition 
was observed from television coverage at the closeout of EVA 2. 

The crew had already exceeded the seven hour EVA time, however, 

and were not asked to repark the LRV. Video tapes of EVA 1 park- 
ing were subsequently reviewed and it was concluded the LM radiant 
heating could also have contributed to the post EVA 1 cooldown 
degradation. A parking limitation relative to the LM will be incor- 
porated for the LRV-3 inission. 


20.13 STRUCTURAL 

There was no structural damage to the load bearing members of the LRV 
but a crewman bumped and dislodged a rear fender extension (refer to 
paragraph 20.11). 

20.14 LUNAR ROVING VEHICLE CONFIGURATION 

LRV-2 was essentially unchanged from LRV-1 which was flown on Apollo 

15. Refer to Saturn V Launch Vehicle Flight Evaluation Report - AS-510, 
Apollo 15 Mission for Vehicle Description. 


Significant configuration changes are contained in Table 20-3. 
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Table 20-2, LRV Significant Configuration Changes 







CHANGE 


Stow gnomon bag on LRV prior to launch 
rather than on lunar surface. 


Revised seat belt 


Replace auxiliary power 7.5 amp circuit 
breaker with 10.0 amp circutt breaker 


Add auxiliary power circuit breaker bypass 
switch 


Add dust seal and thermal reflective 
tape to LRV forward chassis 


Replace existing shunts of 1 millivolt/ 
amp scale factor with shunt of 2 millivolts/ 
amp scale factor 


Use of LRV battery to power LCRU sn EVA 1 
and EVA 2. 


REASON 





Reduce crew operation on iunar surface. 


Seat belt operation on LRV-1 was very 
time consuming. Seat pelt was revised 
for LRV-2 to prevent be!t hangur 

on console test connector and to reduce 
fastening time. 


MSC thermal analysis indicated 7.5 amp 
auxiliary power circuit breaker not ade- 
quate should LRV battery power be 
required for LCRU power on EVA-3. 


Added to prevent LCRU TV dropout after 
LM liftoff. Switch will be used after 
EVA 3 to disable auxiliary power cir- 
cuit breaker and hardwire LCRU to 

LRV battery power. 


Added to reduce temperature of forward 
chassis (battery, Signal Processing 
Untt, Drive Control] Electronics). 


To gain more accurate engineering data. 
LRV-1 amp meter readings were off scale 
1Ow. 


To conserve crew time. Crew will not 
have to change out LCRU batteries on 
EVA 1 or EVA 2, 





APPENDIX A 
ATMOSPHERE 


A.1 SUMMARY 


This appendix presents a summary of the atmospheric environment at 
Yaunch time of the AS-511. The format of these data is similar to 
that presented on previous launches of Saturn vehicles to permit 
comparisons. Surface and upper levels winds, and thermodynamic 
data near launch time are given. 


A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 


At launch time, the Cape Kennedy launch area was experiencing fair 
weather resulting from a ridge of high pressure extending westward, 
from the Atlantic, through central Florida. See Figure A-1. 


Surface winds in the Cape Kennedy area were light and southwesterly 
as shown in Table A-]. Wind flow aloft is shown in Figure A-2 

(500 millibar level). The maximum wind belt was located north of 
Florida, giving less intense wind flow aloft over the Cape Kennedy 
area. 


A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 


At launch time, total sky cover was 2/10, consisting of scattered 
cumulus at 0.9 kilometers (3,000 ft). Surface ambient temperature 

was 304°K (88.2°F). During ascent the vehicle did not pass through 

any clouds. All surface observations at launch time are summarized 

in Table A-1. Solar radiation data are not given due to instrumentation 
problems. 


A.4 UPPER AIR MEASUREMENTS 


Data were used from three of the upper air wind systems to compile 
the final meteorological tape. Table A-2 summarizes the wind data 
systems used. Only the Rawinsonde and the Loki Dart meteorological 
rocket data were used in the upper level atmospheric thermodynamic 
analyses. 


A.4.1 Wind Speed 


Wind speeds were light, being 6.3 m/s (12.2 knots) at the surface and 
increasing to a peak of 26.1 m/s (50.7 knots) at 11.85 kilometers 


(38,880 ft). The winds began decreasing above this altitude, becoming 
relatively light to 61.0 kilometers (200,129 ft) altitude as shown in 
Figure A-3. Maximum dynamic pressure occurred at 14.31 kilometers 
(46,948 ft). At max Q altitude, the wind speed and direction was 11.2 
m/s (21.8 knots), from 265 degrees. 


A.4.2 Wind Direction 


At launch time, the surface wind direction was 269 degrees. The wind 
direction varied, between south and west, with increasing altitude over 
the entire profile. Figure A-4 shows the compiete wind direction 
versus altitude profile. As shown in Figure A-4, wind directions 

were quite variable at altitudes with low wind speeds. 


A.4.3 Pitch Wind Component 


The pitch wind velocity component (component parallel to the horizontal 
projection of the flight path) at the surface was a tailwind of 6.0 
m/s (11.7 knots). A maximum tailwind of 26.0 m/s (50.5 knots) was 
observed at 11.85 kilometers (38,880 ft) altitude. See Figure A-5. 


A.4.4 Yaw Wind Component 


The yaw wind velocity component (component normal to the horizontal 
projection of the fiight path) at the surface was a wind from the left 
of 1.8 m/s (3.6 note) The peak yaw wind velocity in the high dynamic 
pressure region was from the left of 12.5 m/s (24.2 knots) at 15.50 
kilometers (50,850 ft). See Figure A-6. 


A.4.5 Component Wind Shears 


The largest component wind shear (ah = 1000 m) in the altitude range of 
8 to.16 kilometers (26,247 to 52,493 ft) was a pitch shear of 0.0095 
sec~! at 13.65 kilometers (44,780 ft). The largest yaw wind shear, at 
these lower levels, was 0.0114 sec-! at 15.50 kilometers (50,850 ft). 
See Figure A-7. 


A.4.6 Extreme Wind Data in the High Dynamic Region 

A summary of the maximum wind speeds and wind components is given in 
Table A-3. A summary of the extreme wind shear values (ah = 1000 meters) 
is given in Tabie A-4, 

A.5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at AS-511 launch time with 
the annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, 


pressure, density, and Optical Index of Refraction are shown in Figures 
A-8 and A-9, and are discussed in the following paragraphs. 
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A.5.1 Temperature 


Atmospheric temperature differences were small, generally deviating less 
than 4 percent from the PRA-63, below 59 kilometers (193,570 ft) altitude. 
Temperatures did deviate to -4.88 percent of the PRA-63 value at 18.75 
km (61,515 ft). Air temperatures were enerally warmer than the PRA~-63 
from the surface through 15 kilometers (49,210 ft). Above this alti- 
tude, temperatures became cooler than the PRA-63 values through 29.5 

km (96,780 ft). Above this level temperatures were again warmer than 
the PRA-63. See Figure A-8 for the complete profile. 


A.5.2 Atmospheric Density 


Atmospheric density deviations were small, being within 5 percent of 

the PRA-63 for nearly all altitudes. Surface density was 1.85 percent 
less than the PRA-63 density value. The density deviation reached a 
maximum of 7.34 percent greater than the PRA-63 value at 18.75 kilometers 
(61,515 ft) as shown in Figure A-9. 


A.5.3 Optical Index of Refraction 


Optical Index of Refraction was 11.4 x 107° units lower than the 
corresponding value of the PRA-63. The deviation became less negative 
with altitude, and it approximated the PRA-63 at high altitudes, as is 
shown in Figure A-9, The maximum value of the Optical Index of Refrac- 
tion was 1.94 x 1076 units greater than the PRA-63 at 17.2 kilometers 
(56,430 ft). 


A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES 


A summary of the atmospheric data for each Saturn V launch is shown in 
Table A-5, 
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Table A-1. Surface Observations at AS-51] Launch Time 


SPEED 
m/s DIR 
(KMOTS ) (066) 


Pad BA Ligntpole 
™ 18.308 
(@.0 ft)e 


LUT Ped A 
161.5 w (S30 fe)er 


© Jastentaneous readings at T-0, unless otherwise noted. 


oe Above naturel greed. 
ore 10 ainute average about T-0. 





Table A-2. Systems Usec to Measure Upper Air Wind Data for AS-51] 


RELEASE TIME PORTION OF DATA USED 


TYPE OF DATA TIME 
(UT) 





FPS-16 Jimsphere 1812 30 (se493) 
Rawins onde 1804 16,250 25,750 
(53,313) (84,481) 

Loki Dart - 1924 61,000 | 26 ,000 
(200,129) (85,301) 
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Table A-3. 











AS-501 


AS-502 


AS-503 


AS-504 


AS-505 


AS-506 


AS-507 


AS-508 


AS-509 


AS-510 


AS-511 


VEHICLE 
NUMBER 


76.2 
(148.1) 


42.5 
(82.6) 


9.6 
(18.7) 
47.6 
(92.5) 


55.6 
(108.1) 


52.8 
(102.6) 


18.6 
(36.2) 


26.1 
| (50.7) 





MAXIMUM WIND 


11.50 
(37,700) 


12.00 
(42,600) 


15.22 
(49,900) 


11.73 
(38,480) 


14.18 
(46,520) 


17.40 
(37 ,400) 


14.23 
(46 ,670) 


13.58 
(44,540) 


13.33 
(43,720) 
13.75 
(45,110) 


11.85 
(38,880) 







PITCH (Wx) 
M/S 


24.3 
(47.2) 


27.1 
(52.7) 


31.2 
(60. é) 


74.5 
(144.8) 


40.8 
(79.3) 


7.6 
(14.8) 
47.2 
(91.7) 


55.6 
(108.1) 


52.8 
(102.6) 


17.8 
(34.6) 


26.0 
(50.5) 


(KNOTS) 


Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 5017 through Apollo/Saturn 511 Vehicles 


MAXIMUM WIND COMPONENTS 


ALT 
KM 
(FT) 


113.50 
(37,700) 


12.00 
(42,600) 


15.10 
(49,500) 


11.70 
(38,390) 


13.80 
(45,280) 
11.18 
(36,680) 
14.23 
(46 ,670) 


13.58 
(44 ,540) 


13.33 
(43,720) 


13.73 
(45,030) 


11.85 
(38,880) 


9.00 
(29,500) 


15.75 
(51,700) 


15.80 
(51,800) 


11.43 
(37,500) 


14.85 
(48,720, 


12.05 
(39 ,530) 


13.65 
(44,780) 


12.98 
(42 ,570) 
10.20 
(33,460) 


13.43 
(44,040) 


15.50 
(50,850) 
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Table A-4. Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Apollo/Saturn 501 through Apollo/Saturn 511 Vehicles 









(ah = 1000 m) 





PITCH PLANE 


YAW PLANE 












VEHICLE 



















NUMBER SHEAR, ae ager 
(SEC-1) 
(FT) (FT) 


AS-501 0.0066 10.00 0.0067 10.00 


(32,800) (32 ,800) 

AS-502 0.0125 14.90 0.0084 13.28 
(48 ,900) (43,500) 

AS-503 0.0103 16.00 0.0157 15.78 
(52,500) (51,800) 

AS-504 0.0248 15.15 0.0254 14.68 
(49,700) (48,160) 

AS-505 0.0203 15.30 0.0125 15.53 
(50,200) (50 ,950) 

AS-506 0.0077 14.78 0.0056 10.30 
) (48 ,490) (33,790) 
AS-507 0.0183 14,25 0.0178 14.58 
(46 ,750) (47,820) 

AS-508 0.0166 15.43 0.0178 13.98 
(50,610) (45 ,850) 

AS-509 0.0201 13.33 0.0251 11.85 
(43,720) (38,880) 

AS-510 0.0110 11.23 0.0071 14.43 
(36,830) (47,330) 

AS-511 0.0995 13.65 0.0114 15.50 
(44,780) (50,850) 
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Table A-5. Selected Atmospheric Observations for Apollo/Saturn 501 through 
Apollo/Saturn 511 Vehicle Launches at Kennedy Space Center, Florida 


VEHICLE DATA SURFACE OATA IMFLIGHT CONDITIONS 











TIME RELATIVE WIND® MAXIMUM WIND IN 8-56 KM LAYER 

NUMBER MINUTE COMPLEX nce TURE °C PERCENT SPEED DIRECTION ALTITUDE SPEED DIRECTION 
M/s DEG __ M/S DES 
9 Nov 67 0700 EST 10.26) 17.6 55 8.0 70 V/10 cumulus 11.50 20.0 273 



















4 Aor 68 0700 EST 10.200 20.9 83 5.4 132 5/10 stratocumulus, 13.00 27.1 255 
1/10 cirrus 

1 Dec 68 0751 EST 10.207 15.0 88 1.0 360 4/19 ctrrus 15.22 34.8 284 

3 Kar 69 1100 EST 10.095 19.6 6] 6.9 160 7/70 stratocumulus, 1.73 76.2 264 


10/10 altost-atus 







1249 EDT 10.190 26.7 7§ 8.2 125 4/10 cumulus, 14.18 42.5 270 
2/10 altccumulus, 


10/10 cirrus 


10.203 29.4 73 3.3 175 1/10 cumulus, 11.40 9.6 297 
2/10 altocumulus, 
9/10 ctrrostratus 


18 May 69 












16 Jul. 69 0932 EDT 


1122 EST 10.081 20.0 92 6.8 280 10/10 stratocumulus 14.23 47.6 245 
with rain 
1413 EST 10.319 24.4 57 6.3 105 4/10 altocunvius 13.58 55.6 252 
10/10 cirrostratus 
1603 EST 10.102 21.7 & 5.0¢° 255** = 7/10 cumulus 13.33 52.8 255 
8.5** 275** 2/10 altocumulus 
0934 EOT 10.196 29.8 68 5.1% 156%* 7/10 cirrus 13.75 18.6 063 
5,4°° 15e** 
1254 EST 10.183 31.2 “4 3 ee 2/10 cumulus 11.85 6.1 28) 
2 


*Instantaneous seadings from charts at T-0 (unless otherwise noted) from anemometers on Jaunch pad 39 (A & 8B) light pole 
at 18.3 m (40.0 ft). Beginning with AS-509, wind measurements were required at the 161.5 m (530 ft) level from 
anesometer charts on the LUT. These instantaneous LUT winds are given directly under the listed pad light pole winds. 
Heights of anemometers are above natural grade. 


*““ot instantaneous, but one minute average about T-0. 
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SURFACE WEATHER MAP AT 1200 Z sae 
APRIL 16, 1972 - ISOBARIC, 
FRONTAL, AND PRECIPITATION 
PATTERNS ARF SHOWN IN STANDARD 
SYMBOLIC FORM. 
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Figure A-]. Surface Weather Map Approximately 6 Hours Before Launch of AS-511 
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500 MILLIBAR HEIGHT 0 | 
CONTOURS AT 1200 Z : 
APRIL 16, 1972 ee ae 0° 6 wr 7° 


CONTINUOUS LINES INDICATE HEIGHT CONTOURS IN 
FEET ABOVE SEA LEVEL. DASHED LINES ARE ISO- 
THERMS IN DEGREES CENTIGRADE. ARROWS SHOW 
WIND DIRECTION AND SPEED AT THE 500 MB LEVEL. 
(ARROWS SAME AS ON SURFACE MAP). 


Figure A-2. 500 Millibar Map Approximately 6 Hours 
Before Launch of AS-511 
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Figure A-3. 
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Wind Direction at Launch Time of AS-511 


Figure A-4. 
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Pitch Wind Velocity Componerit (W,) at Launch Time of AS-511 


Figure A-5. 
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Yaw Wind Velocity Component (W,) at Launch Time of AS-511 


Figure A-6. 
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Figure A-7. 
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Relative Deviation of Temperature and Pressure from the PRA-63 


Reference Atmosphere, AS-511 
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Figure A-8. 
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RELATIVE SEVIATION OF OMMSITY, PERCENT 


Figure A-9. Relative Deviation of Density and Absolute Deviation of the Index 


From the PRA-63 Reference Atmosphere, AS-51] 
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APPENDIX B 
AS-511 SIGNIFICANT CONFIGURATION CHANGES 


B.] INTRODUCTION 


The AS-511, eleventh flight of the Saturn V series, was the ninth manned 
Apollo Saturn V vehicle. The AS-511 Jaunch vehicle configuration was 
essentially the same as the AS-510 with significant exceptions shown in 
Tables B-1 through B-4. The Apollo 16 spacecraft structure and components 
were essentially unchanged from the Apollo 15 configuration. The basic 
launch vehicle description is presented in Appendix B of the Saturn V 
Launch Vehicle Flight Evaluation Report, AS-504, Apollo 9 Mission, 
MPR-SAT-FE-69-4, 


Table B-1. S-IC Significant Configuration Changes 
















fap lecement of lead alloy plated Kea! on inboard 


Lead alloy plated K-seal was not LOK 
GOR line with gold plated K-seal. . 


compatible 


To staplify turbopump lwrication cenfigure- 
tion end reduce leakage coe eee by 
employing internal lube lines 







Propyls ten 





Incorporate F-1 engine series lube system ut{l1z- 
tng turbopump #1 and #2 thrust bearing cavity 

Grainege to splash lubricate turbopump #3 turbine 
bearing. 


Redesign of MOUG servoactuator electrical filter 
asseably. 


Redesign of servoactuator 3° limit detection To minimize possibility of failure from 
@evice connector. physical abuse. 


Added four recrv motors to S-IC stage. © reduce possibility of collision betmeen 
Me IC/S-ll stages efter seperation. 
Electricel Added redundant hardwire command line through To provide redundant start commend path. 
the wabilical for each engine start contro] 
walve. 














To incorporate filver which is competibie 
with flight aeplifiers. 
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Table B-2. S-II Significant Configuration Changes 


seme mEASON 
Propulsion Addition of helium purge to LOX tank ullage pres- To preclude a LOX/GOX compatibility situation 
sure sensing line. within the LOX pressure switch. 


Deletion of Stillwell propellant level monitor To provide redundant propellant loading 





point sensor system and addition of point monitoring capability, to simplify system, 
sensors for propellant loading. and to reduce cost and weight. 
Addition of a rechanice) clamp to the To provide positive retention of the EAS 
Engire Actuation System (EAS) servoactuator bypass valve actuation button and thus 
to held the manua! cylinder bypass valve in to prevent possible loss of ability to 
the closed position. contro? engine position. 

Electrical Addition of redundant circuits for engines To eliminate single failure points and 
Start/cutoff and installation of simplified reduce wiring congestion. 
power system wiring. 

Structural Incorporate heavy-weight design by changing Eliminate 2020-16 materia! not available 
material of unpressurized structures from and obtain or approach a factor of safety 
2020-T6 to 7075-16. of 1.4. 
Move the weld joining Liz tank cylinder #1 to 82 To compensate for preloading in excess of 
0.4 fach forward. design limitations due io LHe tank fabri- 


cation tolerance problem. 





Table B-3. S-IVB Significant Configuration Changes 


Addition of measurement 00265-403 to the To determine the effects of Low Frequency 
port provided by the new design of the ¥ibration on duct during burn. 


Solar LOX Low Pressure Feed Duct. 


Propulsion Changed LOX and LH2 low pressure feed ducts from To provide increased safety margin in case 
one ply bellows to two ply bellows. of flow resonance. 
Mission significent tubing assemblies previously To prevent potential leakage through sleeves 
fabricated with MC 125 sleeves replaced by tubing which might fail due to low temperature 


assemblies which utilize A286 material. exposure . 


Replace electrical bonding strap on LOX To provide a LOX compatible material for the 
Tank Vent Line. bonding strap. 


Hydraulics Replace the AVCO Hydraulic Accumulator Improve reliability by eliminating a single 
Charging Valve with a valve manufactured point leak path. 
by Schrader. 
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Table B-4. IU Significant Configuration Changes 


To reduce sensitivity of pressure switch 
reaction to transient coolant pressure 
changes. 









Envi ronmental Relocate snubber assembly upstream of the 
Control hydraulic pressure switch. 















To allow crew to monitor S-IVB LOX tank 
pressure prior to S-11/S-IVB separation 
rather than S-II fuel tank pressure prior 
to separation. 


Removed K69 and K70 relays from the £0S 
Distributor and added continuous monitoring 
of the S-IVB LOX tank pressure in the CM by 
direct wiring through the EDS Distributor: 







To allow the flight program to handle 
upper and lower S-IC outboard engine out 
situations by different methods. 


Modified contro) distributor to provide an 
upper S-'C engines 2 or 3 out discrete and a 
lower engines ! or 4 out discrete. 






Modified Control and EDS Distributors to To improve reliability. 
provide redundant iU umbilical paths for 
functions that could cause or prevent 


engine cutoff after ignition. 















Decrease possibility of cracked solder 

















































Instrumentation Command Decoder solder joint redesigned. 

and joint. 

Communications 
410 Multiplexer Power Supply Card changed Improve thermal and vibrationa) characteri«- 
to new configuration. tics to reduce risk of data loss. 
Added measurements 
10-603 Z Accelerometer For continuous monitoring of the ST-124 M 
H11-603 X Acceleroseter platform accelerometer pickup prior to 
H12-603 Y Accelerometer and during liftoff. 
Oeleted measurements 
17-603 Z Accelerometer To make room for added measurements . 
H21-603 X Accelerometer 
H24-603 Y Accelerometer 

LYDA/L VOC Added a periodic rather than continuous To lessen the possibility of setting 00-13 
monito: 7 of the TLC set control of the or error monitor bit 10 as a result of 
Firing Commit Inhibtt latches. noise. 

Flight Program BOOST INITIALIZE 










To allow more complete postflight analysis 
of vibration and acceleration effects in 
the time period around liftoff. 


Provide extra accelerometer read out from 
To + 3.0 to Ty + 10.0 seconds. 






Modification changes the preset search 
enable time to delay the recognition of the 
discrete, D124, thereby decreasing mission 
exposure to a single point failure mode. 


Liftoff time guard changed to Tp + 17.4 
seconds . 








B00ST 


Tiit arrest and CHI freeze changed to 
allow correction for upper, ‘ower, or 
center engine out in S-IC stage. 





Capability added to distinguish between an 
upper (2 or 3) or lower (1 or 4) outboard 
S-IC engine out. This allows different 
adjustments for upper and lower engines 
out, allowing contingency logic to be more 
nearly optimized for the actual failure 
situation occurring. 






APS control faflure test in S-1¥8 stage 
for roll. 






Attitude testing added to detect divergences 
between commanded and actual vehicle 
attitudes characteristic of a Control Signal 
Processor null shift. A DCS ground command 
has heen added to provide capability to 
Change ladder magnitude limits if telemetry 
indicates a nul? shift has occurred. 
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Table B-4. 


Flight Program 


we ye 


ORBIT 


State Vector Telemetry at change from boost 
to ordftal gutdance 


Attitude command rate limit changed to 0.14 
degrees/sec in TBS. 


Redesign of solar heating avoidance maneuver. 


APS Control Failure Test added in all 
channels to provide capabliity for setting 
ladder magnitude limits during the perfods 
of ips when the vehicle is under APS 
contro}. 


RPE TE Oe 


IU Significant Configuration Changes (Continued) 


On past flights, a OCS command has been 
required to determine the state at ordital 
initiatize. On the AS-510 flight, the state 
vector was not dumped and the data was never 
obtained. This change causes the state 
vector to be telemetered automatically without 
OCS action. 


By decreasing the attitude command rate in 
TBS, the slosh modes will be decreased such 
that the propellant will not te vented in 
liquid state through the gaseous vent 
orifices. The command rates will be restored 
to nominal values at TB6 start. 


The pre-programmed AS-S10 maneuver was 
modified to allow the vehicle to remain at 
a stable attitude longer and to minimize 
ground cownand Jependence. 


Attitude testing has been added to detect 
divergences between commanded and actual 
ventcle attitudes characteristic of a CSP 
null shift. A DCS ground command has been 
added to provide capability to change ladder 
magnitude limits if telemetry indicates 

a null shift has occurred. 
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